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Mlerats. —Arsenic, Tungsten, Molybdena, Cobalt, Nickel, Bismuth, Anti- 
mony, Mercury, Zinc, Tin, Lead, Iron, Copper, Silver, Gold, Platina. 

Collections of Ores, containing "the preceding siping in their native state, 
systematically arranged. ; 

ACIDS—Arsenic, Arsenious, Tungstic, Molybdic, Acetous,’ Acetic, Oxalic, 
Tartareous, Citric, Malic, Gallic, Succinic, Benzoic, Camphoric, Mucous, 
Suberic, Prussic, Lactic, Sebacic, Fluoric, Boracic, Muriatic, Oxigenated-Muri- 
atic, Phosphoric, Nitric, Nitrous, Sulphuric, &c. 

ALCALIES—Barytes, Potash, Soda, Strontia,-Lime, Ammonia. 

EARTHS—Silex, Alumine, Magnesia; Zircon, Glucine, &c. 

RE-AGENTS—Tincture of Cabbage, Litmus, chain Brazil-wood, and 
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Fluate of Soda, and Fluate of Ammonia. 
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’ Muriate of Gold, Muriate of Tin, and Murlafe of Mercury. 

Sulphate, Nitrate, and Acetite of Silver, 


Green and Red Sulphate of Iron, 
Muri- 
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Muriate, Nitrate, and Acetite of Barytes. 

Triple Prussiate of Potash, Lime, and Ammonia. 

Tanin, Alcohol, Sulphuric and Nitric Ether. 
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ALL THE DIFFERENT GASES—Water impregnated with Pesala 
Hidrogen Gas, with Carbonic Acid Gas, with Carbonated Hidrogen Gas, &c. 

PHOSPHORUS—Phosphuret of Lime, Phosphuret of Strontia, and Phosphu- 
phd Barytes. Phosphorated Ether, Phosphoreted Alcohol, and Phosphorated 

ils. 
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nical or Medicinal ufe. 
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with fire-bricks, calculated for all chemical operations whatever, which require 
the aid of heat. 

Black Lead Table Furnaces—Portable Forges—Brass Lanip. Firnates, on an 
improved plan, with double cylindrical cottons and Argand lamp. ~ 

IMPROVED GAZOMETERS, with Glass Bells—Brass Stop-cocks, &c. 
for collecting, measuring, breathing, transferring gases. &c. 

Gas-Holders—Pneumatic Cisterns—Improved Mercurial Troughs, with sliding 
shelf and tray. 
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into bladders, &c. . 

Globular Receivers and Flasks, with stop-cocks, for weighing gases. 
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GRADUATED DETONATING TUBES for firing gases. &c. 

 Deflagrating Jars—Improved saat ay of Metal and Glass, son myer ell 

ipes- 
"SPOONS of GOLD, “SILVER, and PLA’TINA. 

MORTARS of as Steel, Agate, Flint, Glass, Wedgwood Ware, &c. | 

CRUCIBLES of Platina, Gold, Silver, Cast Iron,’ &c.—Muffles, Cupels, and 
Enamelling Pans—Improved Ingots and Casting Cones, Evaporating Basons—- 
Guiton’s Tubes of Safety—Syphons—Jointed Conducting Tubes—Graduated Glass 
Measures and Cubic Inches—Accurate Balances and Weights in Decimals— 
Thermometers—Goniometers—Gravimeters—Galvanic Batteries, Piles, Plates, 
&c.—Wollafton’s Apparatus for decomposing Water by Galvanism, or Electricity ; ; 
and every other Instrument made use of in Experimental Chemistry. 
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SYSTEM 


OF 


THEORETICAL AND PRACTICAL 


CHEMISTRY. 


PART XXXIII. 5 


METALS. 


Awonc the simple substances which present themselves to 


‘our view in examining the products of nature, there are none- 
of which the study is more important than METALS. Their 
utility is highly interesting. They may be considered as the 
great instruments of human industry. Many of the mechanic 


arts could not possibly exist without them, and it is even doubtful 


whether mankind, would have acquired that degree of civiliza- 


tion which characterizes the present state of society. 
Vou, I. A 


2 METALS, 


ENUMERATION OF METALS. 


We are at present acquainted with twenty-two metals, essen- 
tially differing from each other, namely, 


Arsenic Antimony 
Tungsten Tellurium 
Molybdena Mercury 
Chrome Zine 
Columbium Tin 
Titanium Lead 
Uranium Iron 
Cobalt Copper 
Nickel Silver 
Manganese Gold 
Bismuth Platina. 


We abandon the ancient division of these substances into 
noble or perfect, and semi or imperfect metals, but class them 
into different genera ; proceeding in a gradation from those which 
possess, in a certain sense, the least, to those which possess the 
most metallic properties. 


CLASSIFICATION OF METALS. 


1, Very brittle and acidifiable metals. 


Arsenic Molybdena 
Tungsten Chrome 
Columbium, 


2. Less brittle and simply oxidable metuls. 


Titanium Manganese 
‘ Uranium Bismuth 
Cobalt Antimony 


Nickel Tellurium. 


METALS. ’ . 3 


3. Partly ductile and oxidable metals. 


Mercury 
Zinc, 


4, Very ductile and easily oxidable metals. 


Tin 

Lead 

Iron 

Copper. 

5. Exceedingly ductile and difficultly ovidable metals. 

Silver 

Gold 

Platina. 


NATURAL HISTORY OF METALS. 


All the metals are found in the bowels of the earth, though 
sometimes they are on the surface. They are met with in dif- 
ferent combinations with other matters, suchas sulphur, oxigen, 
and acids; particularly with the carbonic, muriatic, sulphuric 
and phosphoric acids. They are also found combined with each 
other, and sometimes, though rarely, in a pure metallic state, 
distinguishable by the naked eye. 

In their different states of combination they are said to be 
mineralized, and are called ORES. The ores of metals are 
for the most part, found in nature in mountainous districts; 
and always in such as form a continued chain. There are 
mountains which consist entirely of iron ore, but in general 
the metallic part of a mountain bears. a very inconsiderable pro- 
portion to its bulk. Ores are gua met with in the cavities or 

2 | 
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crevices of rocks, forming what are termed Veins, which are 
more easily discovered in these situations than when they lie leve} 
in plains. 

The metallic matter of ores is very generally incrusted and in- 
termingled with some earthy substance different from the rock in 
which the vein is situated; which is termed its MATRIX. 
This, however, must not be confounded with the mineralizing 
substance with which the metal is combined, such as sulphur, &c. 


The art of distinguishing ores and the method of describing 
them with accuracy and precision, so that they may be known 
from each other, is called MIN ERALOGY. 

The art of assaying or analysing them, in order to ascertain 
their component parts, particularly théir metallic contents, forms 
a branch of chemistry, called the DOCIMASTIC ART. 

The art of extracting metals in the large way is called ME- 
TALLURGY. 


GENERAL PHYSICAL PROPERTIES OF METALS. 


All metals are combustible bodies. They possess a certain 
brilliancy, in consequence of the complete reflection of the light 
that falls upon them, which is termed metallic lustre. They are 
the most dense and heavy substances in nature ; the heaviest 
fossil, not metallic, having a specific gravity much below that of 
the lightest metal. They are the most opaque of all bodies. A 
stone of the greatest opacity, when divided into thin plates, has 
more or less transparency ; whereas gold is the only metal which 
admits of being reduced to such a degree of thinness as to admit 
the smallest perceptible transmission of light. Gold leaf, which is 
about s:cso5 part of an inch in thickness, transmits light of a 
Jively green colour; but silver, copper and all the rest of the 
metals are perfectly opaque. Another property which belongs 
exclusively to metals, (though they do not all possess it,) is mad- 
leability by which is meant a capacity of having their surface 
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increased, either in length or breadth, without being liable to 
fracture. This capacity is not precisely the same in those metals 
which do possess it, for some, which admit of extension when 
struck with a hammer, cannot be drawn into wire, which pro- 
perty is termed ductility: this property depends in some mea- 
sure on another peculiar quality of metals, namely tenacity ; by 
which is meant the power which a metallic wire of a given dia- 
meter has of resisting the action of a weight suspended from its 
extremity. All metals are fusible, though the degree of tem- 
perature at which this can be effected differs very much. Mer- 
cury is always fluid at the ordinary temperature of our atmos- 
phere, while platina can scarcely be melted by the most intense 
heat of our furnaces. Metals are perfectly opaque when in a state 
of fusion ; and are crystallizable when suffered to cool slowly 
and undisturbed. The tetrahedron and the cube are their 
primitive figures, though they very often take the octahedral 
form. They can likewise be yolatilized at very high temperatures. 
They are the best conductors of caloric and electricity. Their 
susceptibility of combination is very great; they unite with 
carbon, sulphur, and phosphorus. They do not combine with 
earths by fusion; but their oxids readily unite to acids, alcalies 
and earths. They decompose water and several acids. Some 
effect this at common temperatures: some require a red-heat, 
and others the interposition of another body. . Water does not 
dissolve any of the metals, though it is a solvent of some of their 
oxids. They are insoluble in ardent spirit, ether, or oils, They 
are all capable of combining with oxigen, though many of them 
require very high temperatures to effect this union, and others 
cannot be united to if but in an indirect manner. Most of the 
metals can be combined with each other ; they then form alloys, 
snany of which are of the greatest utility in the arts. 


6 WATURAL HISTORY OF ARSENIC. 


Class I..%BRITTLE AND ACIDIFIABLE METALS. 


ARSENIC. 


PART XXXIV, 


SECT. I. 


NATURAL HISTORY OF ARSENIC, 


- 


Axnsenic is scattered in great abundance over the mineral 
kingdom. It is found in black heavy masses of little brilliancy, 
called native arsenic, (testaceous arsenic.) It is found in differ- 
ent parts of Germany. Mineralized by sulphur, it forms su/phu- 
vized arsenic, or orpiment. This mineral is met with in Italy, 
about Mount Vesuvius. There are two varieties of this ore | 
which differ from each other in colour, occasioned by the dif- 
ferent proportions of its component parts. The one is called 
yellow sulphurized arsenic, or orpiment; the other, red sulphu- 
rized arsenic, or realgar, (ruby arsenic); both are met with in 
Hungary and different parts of Germany. The colour of the 
first ore is a lemon yellow, inclining sometimes to a green; the 
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colour of the latter is a ruby red; it is more transparent than 
the former, and found in compact solid masses, sometimes crys- 
tallized in bright needles. Arsenic unXed to oxigen constitutes 
the ore called native oxid of arsenic. This ore is scarce; it is 
generally found of an earthy appearance, or as an efflorescence, 
coating native, or metallic arsenic; its colour is a whitish grey; 
it is rarely met with crystallized. Arsenic exists likewise al- 
loyed with cobalt, antimony, tin, copper, lead, and various other 
metals. 


PROPERTIES OF ARSENIC. 


Arsenic is a brittle metal, and in the recent fracture of -a 
lively bright colour, between tin-white and lead-grey ; but, on 
exposure to the air, it soon loses its metallic lustre, and turns 
prismatic, dull, and at last black, Its specific gravity is between 
8.310 and 5763 according to its texture. Its hardness sur- 
passes that of copper; but its ductility is so little and its brit- 
tleness so great that it is readily converted into a powder by the 
hammer. It is entirely volatilized when heated to 356° Fahr. 
It sublimes in close vessels, and then crystallizes in tetrahedra, 
or octahedra. When heated with the access of air, it emits a 
strong smell of garlic, and burns with a bluish white flame. It 
combines with sulphur by fusion. It unites to phosphorus and 
combines with most of the metals. It gives a white colour to 
copper and renders many of the ductile metals brittle. When 
mixed with hyper-oxigenated muriate of potash, it detonates 
strongly by the stroke ofa hammer. It is soluble in hidrogen 
gas by heat. It does not decompose water alone. It decom- 
poses sulphuric acid by heat. The nitric and nitrous acids oxi- 
date it rapidly. The muriatic acid attacks it with heat. The 
oxigenated muriatic acid when in a gazeous state inflames it in- 
stantly. It is nearly unalterable by the fluoric, boracic, phos- 
phoric and carbonic acids. It unites with alcaline sulphurets and 
hidro-sulphurets. It is a deadly poison, 

AA 
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METHOD OF OBTAINING ARSENIC. 


In order to obtain metallic arsenic, mix two parts of the white 
oxid of arsenic of commerce, with one of black flux (obtained 
by detonating one part of nitrate of potash with two of acidulous 
tartrite of potash) and put.the mixture into a crucible or melting 
pot. Invert oyer this, another crucible, lute the two together 
with a little clay and sand, and apply gradually a red heat to the 
lower one. The oxid of arsenic will be reduced and be found 
lining the upper crucible in small crystals of a metallic bril- 
liancy. 

RaTIONALE...Lhe charcoal of the black flux takes the oxigen 
from the white oxid, and forms. carbonic acid gas; which-flies 
off during the process, and the oxid becomes reduced to the 
metallic state. This reduction of the oxid is greatly facilitated 
by the alcali of the flux. . 

Remark...In order to obtain arsenic in a state of absolute 
purity, the metal before obtained must be reduced to powder, 
dissolved by heat in nitro-muriatic acid, and then precipitated 
by immersing into the solution a plate of zinc. The arsenic is 
thus precipitated in a fine powder, and may be reduced to its 
metallic state, by exposing it in a covered crucible ta a mode- 
rate heat. , / 

If it be kept under water its metallic brilliancy may be pre- 
served. . This effect is still better produced by alcohol. | 
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SECT. II. 


EXPERIMENTAL PROOFS 
OF 


THE PROPERTIES OF ARSENIC. 


_ Experiment I. 


Arsenic burns and is volatilized by heat. 


Iwrropuce into a crucible, made red-hot in a coal-fire, a 
small quantity of arsenic ; it will soon begin to burn and become 
volatilized. 

If this crucible be covered with another, and the joinings luted 
with a little clay, the arsenic will be found in the upper one in 
brilliant crystals. 


EXPERIMENT II. 


Arsenic stains copper white. 


Insert a little arsenic, reduced to fine powder, between two 
polished plates of copper; bind them closely together with iron 
wire and heat them. The inner surfaces of the copper kay 
will be rendered white by the arsenic. 
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The union of arsenic with copper may likewise be effected by 
fusing one part of arsenic and four of copper, in a common cru- 
cible. ‘The alloy produced is a white metal. 

RemakK...It is necessary in this experiment to cover the sub- 
stances in the crucible with common salt, to prevent the action 
of the air. 


EXPERIMENT III. 


Arsenic decomposes sulphuric acid. 


Put into a retort one part of arsenic reduced to a fine powder 
and three of sulphuric acid, direct the neck of the retort under a 
receiver filled with mercury, in the mercurial pneumatic trough, 
and apply the heat of a lamp. When the mixture has boiled 
some time, sulphureous acid gas will pass into the receiver. 

Ratronace...The arsenic subtracts the oxigen of part of the 
- sulphuric acid, which becomes converted into sulphureous acid 
gas. The oxid of arsenic which is produced, is dissolved in the 
other part of the acid. 


EXPERIMENT IV. 


Arsenic combines readily with sulphur. 


If one part of arsenic and four or five of sulphur be hastily 
fused together in a wel] closed crucible, the two substances unite 
and form a yellow compound, called sulphuret of arsenic. 


EXPERIMENT V. 


Arsenic combines with phosphorus. 


Put equal quantities of arsenic, reduced to powder, and phos- 
phorus, into a Florence flask; pour water upon them, so as to 
cover them an inch, and apply the gentle heat of a lamp. The 
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arsenic and phosphorus will unite and form a dabepliucct of that 
metal, , 

This combination may likewise be conveniently effected, by 
gently heating, ina close phial, equal parts of chien and 
pulverized arsenic. 


ExpertmmenT VI, 
Tin and arsenic may be alloyed by fusion. 


Put into a crucible placed in a fire, seven parts of tin and one 
of arsenic, melt the mixture and when completely united pour 
it out into an ingot, The alloy obtained will be found to be 
of a white colour, it is much harder, more sonorous, and less 
fusible than tin, 


EXPERIMENT VIl. 


Arsenic detonates with hyper-oxigenated muriate of potash 


. A 
by percussion. 


Put a few grains of arsenic in contact with hyper-oxigenated 
muriate of potash, on an anvil or any smooth solid surface, and 
give it a smart blow with a hammer. ‘The mixture will explode 
with a loud report. 


The spontaneous accension of arsenic in oxigenated muriati¢e 


acid gas has been exemplified already (page 338). 
\ 


ANALYSIS OF ORES OF ARSENIC, 


Take any quantity of the ore, reduce it to powder, and intro- 
duce it into a Florence flask, pour over it three times its own 
weight of nitro-muriatic acid, composed of one part of. nitric, 
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and one and a half of muriatic acid; assist the action of the 
acid by the heat of a lamp or candle. When no further action 
ensues, if the ore is not completely dissolved, add a fresh 
quantity of acid, and proceed as before till all is dissolved. Then 
let the solution subside, (for if the arsenical ore contained silver, 
a white heavy precipitate will be formed during the process,) 
filtre it, and evaporate it in a Wedgwood’s bason to at least one- 
fourth. When so far concentrated add distilled water to the 
solution, so long as it occasions any turbidness, which may be 
known by filtering, from time to time, a small quantity of the 
mixture, and assaying the filtered fluid by a fresh addition of 
water. The white precipitate which is thus obtained is the 
quantity of arsenic which was contained in the ore. In order to 
reduce it to the metallic state it may be re-dissolved in muriatic 
acid, and precipitated by immersing into this solution a plate of 
zinc, mixing with it at the same time a tenth part of a solution 
of alcohol. 

If the ore contained silver the white precipitate mentioned be- 
fore must be dried, and then mixt with double its weight of 
carbonate of soda freed from its water of crystallization, and 
exposed in a crucible to a white heat for at least half an hour, 
The silver will be found at the bottom of the crucible ina metal 
lic state. 

The sulphurated ores of arsenic may be analyzed in a similar 
manner, by treating them with nitro-muriatic acid. In this case 
an addition of acid will not dissolve the residue. The arsenic 
may be separated, by first concentrating the solution, and then 
adding to it water. The sulphur may then be collected on a fil- 
ter, and dried between bibulous paper in a heat not above that 
of boiling water. If it be pure sulphur, it may be volatilized by 
a continued gentle heat. 
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TUNGSTEN. 


PART XXXV. 


NATURAL HISTORY OF TUNGSTEN. 
re 


‘Tus metal, which is never found but in combination, is by 
no means common. ‘The substance known to mineralogists 
under the name of tungsten was, after some time, discovered to 
consist of lime, combined with a peculiar acid or metallic oxid. 
This ore is now called tungstate of lime and is exceedingly scarce. 
It has been found in Sweden and Germany, both in masses and 
crystallized, of a yellowish white, or grey colour. It has a 
sparry appearance, is shining, of a lamellated texture, and semi- 
transparent. The same metallic acid is likewise found united 
to iron and manganese ; it then forms the ore called Wolfram, 
or tungstate of iron and manganese. ‘This ore occurs both mas- 
sive and crystallized, and is found in Cornwall, Germany, France, 
and Spain, Its colour is brownish black, and its texture foliated. 
It has a metallic lustre, and a lamellated texture ; it is brittle and 
very heavy; it is found in solid masses in the state of layers 
interspersed with quartz. These two substances are therefore 
ores of the same metal. 
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PROPERTIES OF TUNGSTEN. 


Tungsten appears of a steel grey colour, Its specific gravity 
is about 17.6. It is one of the hardest metals, but it is exceed- 
ingly brittle; and is said to be almost as infusible as platina. 
Heated in the air it becomes converted into a yellow pulverulent 
oxid, which becomes blue by a strong heat or when exposed to 
light. Tungsten combines with phosphorus and sulphur, and with 
silver; copper, iron, lead, tin, antimony, and bismuth; but. it 
does not unite with gold and platina. It is not attacked by the 
sulphuric, nitric, or muriatic acids; nitro-muriatic acid acts upon 
it very slightly. It is oxidable and acidifiable by the nitrates and 
super-oxigenated muriates. It colours the vitrified earths or the 
vitreous fluxes, of a blue or brown colour. It is not known what 
its action will be on water and different oxids. Its action on the 
alcalies.is likewise unknown. It is not employed yet, but 
promises real] utility, on account of its colouring property, a8 a 
basis for pigment, since the compounds it is said to form with 
vegetable colouring matters afford colours so permanent as not to 
be acted on by the most concentrated oxigenated muriatic acid, 
the great enemy of vegetable colours. 


METHODS OF OBTAINING TUNGSTEN. 


The method of obtaining metallic tungsten is a problem in che- 
mistry. Scheele, Bergman, and Gmelin did not succeed in their 
attempts to procure it. Klaproth* tried to reduce the yellow 
oxid of this metal with a variety of combustible substances, but 
without success. Messrs. Ruprecht and Tondy+ say they have 
obtained this metal by using combustible substances alone; and 
by a mixture of combustible and alcaline matter, 

re 


* Crell’s Annal, 1786, vol. II p. g02: + Ann. de Chem. tom. VIIL. p. 4. 
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The following process is recommended by Richter, an inge- 
nious German chemist.* 

Let equal parts of tungstic acid and dried blood be exposed for 
some time to a red-heat in a crucible; press the black pow- 
der which is formed‘into another smaller crucible, and expose it 
again to a violent heat in a forge for at least an hour. Tungsten 
will then be found, according to this chemist, in its metallic state 
in the crucible. . 

-Remark...This author very properly objects to the use of al- 
calies or alcaline salts in this process as they are apt to form neu- 
tral salts with the tungstic acid and in this way prevent its re- 
duction. From the facility however with which Ruprecht and 
Richter seem to have obtained this metal it may fairly be ques- 
tioned whether it was intirely free from all admixtures. 

The existence of metallic Tungsten being doubtful, we must 
content ourselves, with. examining the properties of this sub- 
_ stance in the state of an oxid, for which we refer the reader to 
the article Tungstic acid, 

The same must be the case with those metals which possess 
few metallic properties ; or whose scarcity has hitherto prevent- 
ed chemists from experimenting upon them; when a sufficient 
quantity of the ores can be procured, their characters and proper- 
ties will no doubt be investigated. Hitherto chemists have paid 
attention to them when in combination with oxigen, or when 
they are brought to the state of an acid; we are consequently 
unable to say much about their metallic properties in the present 
state of our knowledge. 

We are inclined to believe with Mr. Hatchett} that the time 
is perhaps not very far distant, when some of the newly disco- 
vered metals, which are now considered as simple, primitive, 
and distinct bodies, will be found to be compounds; but until 
that happens we are obliged to consider them as substances suz 
generis. ; 


* Richter Uber die Neuen Gegenstinde der Chemie, 1 Stiick, p. 49. 
t Nicholson’s Journal, July, 1802, p. 179. 
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ANALYSIS OF ORES OF TUNGSTEN, 


Tungstate of lime may be treated (like ores of arsenic) re- 9 
peatedly with nitro-muriatic acid, till every thing soluble is taken 
up. The tungsten will thus be converted into a yellow oxid, 
distinguishable from the oxid of uranium, by its becoming white 
on the addition of liquid ammonia. The alumine which was 
contained in the ore may be separated by adding to the acid solu- 
tion some carbonate of ammonia. 

Ores of wolfram may be analyzed in the following manner. 
Take one part of the ore, reduce it to a powder, and digest it for 
at least an hour in four or five parts of muriatic acid; decant 
the acid, wash the residue in distilled water, and pour over it two 
parts of liquid ammonia, suffer it to stand for a few days, taking 
care to agitate it frequently. Then decant the ammonia, digest 
the residue again, alternately in muriatic acid, and ammonia till 
the whole is dissolved. Evaporate the ammoniacal solutions in a 
glass bason to dryness, transfer the dry mass into a Wedgwood's 
crucible, and ignite it strongly. The product thus obtained is 
the yellow oxid of tungsten.  - ; 

The muriatic solutions may then be likewise added together 
and mingled with one sixth part of sulphuric acid, evaporated to 
dryness, and re-dissolved in water: on adding a solution of car- 
bonate of ammonia a precipitate will be obtained which consists 
of the iron and manganese contained in the ore. It may there- 
fore be digested in acetous acid; the manganese will then be- 
come dissolved, and the iron remain behind. Finally, on adding 
an alcali the manganese will be precipitated, and the analysis 
will be complete. 
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MOLY BDENA. 


PART XXXVI. 


NATURAL HISTORY OF MOLYBDENA. 


MMlotyspena exists mineralized by sulphur in the ore called 
sulphuret of Molybdena. This ore, which is likewise scarce, 
is so similar in several of its properties to plumbago that they 
were long considered as varieties of the same substance. It is of 
alight lead-grey colour, its surface is smooth, and feels unctuous, 
its texture is lamellated, it soils the fingers, and marks paper 
bluish-black, or silver-grey. It may be cut witha knife. It 
is generally found in compact masses; seldom in particles, or crys- 
tallized. Itis met with in Sweden, Spain, Saxony, Siberia and 
Iceland. Scheele showed that a peculiar metallic acid might be 
obtained from it; and later chemists have succeeded in redu- 
cing this acid to the metallic state. We are indebted to 
Mr. Hatchett, for a full and accurate analysis of this ore.* 
VoL. 11. 7 B 


* See his valuable paper on the qoere of the Corinthian Molybdate of Lead. 
Phil. Trans. 1796. 
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The native sulphuret of molybdena, is the only ore hitherto 
known which contains this metal. 


PROPERTIES OF MOLYBDENA. 


Molybdena is either in an agglutinated blackish friable mass, 
having little metallic brilliancy, or in a black powder. The mass 
slightly united shows by a magnifying glass, small round brilliant 
grains, Its weight is from 6,600 to 7.500. It is one of the most 
infusible of the metals. It is capable of combining with a number of 
metals by fusion. It forms with sulphur an artificial sulphuret 
of molybdena analogous to its ore. It unites also to phosphorus, 
The affinity of molybdena for oxigen is very feeble, according to 
Mr. Hatchett. The alcalies have no action on molybdena in 
the moist way, but it enters readily into fusion with potash and 
soda. It is oxidable by boiling sulphuric acid, and acidifiable by 
the nitric acid. Muriatic acid does not act upon it. It is capable 
of existing in not less than four different degrees of oxigenation. 


_ METHOD OF OBTAINING MOLYBDENA. 


To obtain molybdena is a task of the utmost difficulty. Few 
chemists have-succeeded in producing this metal on account of 
its great infusibility. The method recommended in general is 
the following :...Molybdic acid is to be formed into a paste with 
oil, dried at the fire, and then exposed to a violent heat in a 
crucible lined with charcoal. By this means the oxid becomes 
decomposed ; a black agglutinated substance is obtained very 
brittle under the finger, and having 4 metallic brilliancy. This 
is the metal called molybdena. 
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Take one part of the ore reduced to powder, put it into a 
tubulated retort, containing three parts of nitric acid, adapt a 
receiver, and distil till no more drops fall from the neck of the 
retort. Having done this, pour again two ounces of nitric acid _ 
upon the ore in the retort, stir it well together with a glass 
rod, and repeat the distillation as before. This treatment must 
be repeated until the whole of the ore is converted into a white 
powder. 

This powder, after being well washed in distilled water, 
is molybdic acid. The water used for the ablution of this 
acid, must then be mingled gradually with small quantities of 
a solution of potash; by this means an additional portion of white 
precipitate will be obtained, which after being washed, may be 
added to the first. This being separated, muriate of barytes is 
to be added to the fluid as long as any precipitate ensues: 100 
parts of this precipitate indicate 14.5 of sulphur. ‘The quantity 
of sulphur, as well as that of molybdena may thus be ascertained. 


The sulphuret of molybdena may likewise be analyzed by 
mixing one part of the ore with four of nitrate of potash, and 
detonating the mixture, by transferring it in small quantities 
into a crucible kept red-hot ina fire. The product must then 
be dissolved in water, and saturated with nitric acid. The 
precipitate which is obtained, after being washed, is molybdic 
acid. 

The first process, however, is to be preferred. 
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CHROME. 
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PART XXXVI. 


NATURAL HISTORY OF CHROME. 
eee: <a 


Tuts metal which is extremely scarce and exists only in the 
state ofa metallic oxid, was discovered by Vauquelin. He found 
it in an ore called red lead ore of Siberia, or chromate of lead. 
The colour of this ore is red with a shade of yellow; when re- 
duced to powder it isof a bright orange. Chrome has likewise 
been found in combination with iron, alumine, and silex, (chro- 
mate of iron and alumine,) in the department of Var in France. 
It is met with in irregular masses. Its colour is brown; it has 
very little metallic lustre. Pontier* has lately found chrome 
combined with iron, (Chromate of iron,). in a quarry near 
Gussin in the road to Cavalaire. It sometimes forms large 
masses. ‘The emerald of Peru and spinel ruby owe their colours 


to this metal. 


PROPERTIES OF CHROME. 


Chrome is obtained in small agglutinated masses of a white 
colour, inclining to yellow; it is very hard, extremely brittle 
and refractory, and crystallizes into needles. 


* Bulletin de Sciences, No. LVII. 
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Exposed to the heat of a blow-pipe it is covered with a lilac 
coloured crust which becomes green on cooling. Heated by the 
same apparatus with borax, it does not melt; but a part, after 
being oxidated, is dissolved in this salt and communicates to it a 
very beautiful green colour. Acids have only a weak ‘action on 
this metal. The nitric is the only acid which produces any re- 
markable change, it converts it into an oxid. It is capable of 
combining with three different portions of oxigen, and forming 
three different oxids. It has not yet been combined with any 
combustible body. It does not appear to decompose water. It 
is unalterable by the alcalies. ‘The other properties of this metal 
are not yet ascertained, neither are its uses known; perhaps it 
may afford beautiful and durable colours to the painter or the 
enameller. 


METHOD OF OBTAINING CHROME. 


Chrome is obtained from its native combinations by decompo- 
sing them by the alcaline carbonates, precipitating the chromic 
acid and heating it strongly in a crucible. 

The following method is recommended by Vauquelin. ’.Se- 
venty two parts of chromic acid, (the preparation of which shall 
be noticed immediately) are to be introduced into’a charcoal 
crucible placed within another of porcelain filled with ‘charcoal 
dust. The apparatus is then to be put into a furnace and sub- 
jected to a very strong heat. Metallic chrome will then be found 
in the charcoal crucible. From seventy two parts, Vauquelin 
obtained forty three of metal. 


ANALYSIS OF ORES OF CHROME. 


The red lead ore of Siberia, or chromate of lead, may be 
analyzed by boiling one part of the ore reduced to a fine powder, 
with three of carbonate of potash, in six or eight parts of water, 
The acid of chrome contained in the ore, combines by this 
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means, with the potash, and the carbonic acid of the latter 
unites to the lead, and forms an insoluble compound (carbonate 
of lead.) In order to ascertain its quantity, put it into a flask, 
and dissolve it, by heat, in nitric acid. On letting sulphuric 
acid fall into this solution, sulphate of lead will be formed, which 
may be decomposed by ignition with soda. 

‘Or, the chromate of lead may be treated with muriatic acid ; 
in that case, muriate of lead precipitates, and the chromic acid 
remains in solution. ‘This process must be repeated until the 
whole of the ore is decomposed. The solution then contains 
chromic acid mixt with a little muriatic acid. From the latter 
it may be freed by dropping into it a solution of nitrate of silver. 
Muriate of silver will be formed, which, when collected on a 
filter and dried, may be reduced to the metallic state, by fusing 
it with double its weight of soda. 

The chromate of iron may be analyzed in the following 
_manner: Let one part of the ore mixt with eight times its 
weight of potash, be fused in a crucible for at least one hour. 
Pour the mass intoaconvenient vessel, and when cold, boil it in 
a sufficient quantity of water, for a quarter of an hour, and filter 
it. The residue which remains on the filter must be transferred 
into muriatic acid, and digested for a few minutes. The acid 
is then to be separated by filtration, and the residue treated as 
before, alternately with potash, and muriatic acid, until the 
whole is dissolved. The alcaline solutions must then be added 
together, and the same must be done with the acid ones. The 
first solutions contain the chromic acid of the ore, and the latter 
the iron, together with a little chromic acid. In order to free 
it from it, a solution of carbonate of potash may be dropt into 
it, and the precipitate boiled for a few minutes in a solution of 
potash. What remaihs is pure oxid of iron. The chromic 
solution must now be saturated, by gradually adding hitric 
acid, and then be decomposed, by adding nitrate of lead. 
The precipitate which ensues is chromate of lead, 100 parts 
of it indicate 35 of chromic acid. 
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NATURAL HISTORY OF COLUMBIUM. 


a AA 


To the acidifiable metals, which have been sometime known 
to the chemical world, we have to add one, of a more recent 
discovery, called Columbium, for which we are indebted to Mr. 
Hatchett, who discovered it in the year 1802.* This accurate ana- 
lyst, being engaged in examining and arranging some minerals in 
the British Museum, observed a specimen of ore which greatly 
resembled the Siberian chromate of iron. It appeared that the 
mineral in question was sent from the mines of Massachusets in 
North America. 

Mr. Hatchett describes this ore as being of a dark brownish 
grey externally, and more inclining to an iron grey internally ; the 
longitudinal fracture, he found, lamellated ; and the cross fracture 
had a fine grain. Its lustre was vitreous, slightly inclining in 
some parts to metallic; moderately hard and very brittle. The 
colour of the streak or powder was dark chocolate brown. The 
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* Phliosophical Transactions, 1802. Part I. ps4o. 
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particles were not obedient to the magnet. Its specific gravity, 
at a temperature of 65°Fahr. Mr. Hatchett found tobe 5.918. 

A series of accurate experiments made by its discoverer, prove 
that this ore consists of iron combined with a new metallic acid, 
which constitutes more than three-fourths of the whole. 

The smallness of the quantity Mr. Hatchett had to operate 
upon, has hitherto prevented us from seeing the metal in its 
metallic state; but the accuracy with which the properties of its 
acid have been investigated, Ieave no doubt of its being different 
from any of the acidifiable metals hitherto known. 


ANALYSIS OF THE ORE OF COLUMBIUM. 


Mr. Hatchett analyzed the columbate of iron, in the following 
manner : 

One part of the ore reduced to powder was mixt with five 
times its weight of carbonate of potash, and fused in a silver cru- 
cible. An effervescence took place during this process. When 
this had subsided the whole was poured into a proper vessel and 
suffered to cool. Boiling distilled water was then poured upon 
it, and the whole was transferred upon a filter. The insoluble 
residuum. was repeatedly washed in distilled water. The fil- 
tered, fluid was now supersaturated with nitric acid. Theresult of 
which was, a white flocculent precipitate (columbic acid). 

The insoluble residue was again fused with carbonate of potash 
and treated as before, but scarcely any effect was thus produced, 
the alcali was therefore washed off, and the powder digested with 
muriatic acid, in orderto getrid of the iron. The acid was then 
decanted, and the residuum washed in distilled water. It was 
again fused with carbonate of potash, dissolved, and precipitated 
with nitric acid. The residuum was repeatedly treated in a 
similar manner, till the whole was completely decomposed. 

The muriatic solution was decomposed by ammonia. A eopi- 
ous ochreaceous precipitate was obtained, which was dissolved in 
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cold diluted nitric acid. A small quantity of a white insoluble 
substance, similar to that which was obtained from the alcaline 
solution, was separated during this process. From this nitric 
solution Mr. Hatchett obtained by means of ammonia, a 
precipitate of oxid of iron. 

The different alcaline solutions which had been made sub- 
sequent to that which has been first mentioned, were mixt 
together, and being super-saturated with nitric acid, yielded the 
same white insoluble precipitate. The fluid from which this 
precipitate had been separated by nitric acid, was then saturated 
with ammonia, and being boiled afforded about two grains of 
oxid of iron. 

200 grains of the ore thus analyzed, yielded to Mr. Hatchett 

A2 of oxid of iron, and 
155 columbic acid, the properties of which wil! 
be noticed under that article. 


Such were the products obtained in the analysis; but as Mr. 
Hatchett was confined to experiment upon a small quantity of 
this ore, and could not repeat his researches, without destroying 
the remaining part of the only specimen at present known ; he 
does not wish the above stated proportions of the component 
parts of the ore, to be considered as absolutely exact. 
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Class II,...LESS BRITTLE AND SIMPLY OXIDABLE METALS. 


TITANIUM. 


PART XXXIX. 


NATURAL HISTORY OF TITANIUM. 
(a ee 


Tus is likewise a newly discovered metal. It was first 
noticed by Macgregor as existing in the state of an oxid, mixed 
with iron, manganese, and silex, in a greyish black sand found 
in the vale of Menachan in Cornwall, and thence named Mena- 
chanite, or oxid of Titanium, combined with iron. It has since 
been discovered by Klaproth, in an ore named Titanite, or oxid 
of Titanium, combined with lime and silex. This ore is generally 
met with crystallized.in four-sided prisms, not longer than a 
quarter of an inch. Its colour is a yellowish red, or blackish 
brown; it is opake and of an imperfect lustre. It breaks with 
a foliated, uneven, or conchoidal fracture. It exists also in an- 
ore called Red schorl of Hungary, or red oxid of Titanium. 
This ore, which is found generally crystallized in rectangular 
prisms, isof a brownish red colour; and its texture foliated. In _ 
all these ores titanium exists in the state of an oxid. 


’ 
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PROPERTIES OF TITANIUM. 


Titanium has been only obtained in very small agglutinated 
grains. It is of a red-yellow and crystalline texture, brittle and 
extremely refractory. Its specific gravity is about 4.2; when 
broken with a hammer while yet hot from its recent reduction it 
shows a change of colours of purple, violet, and blue. In very 
intense heat it is volatilized. Most of the acids have a striking 
action on this metal. Nitric acid has little effect upon it. It is 
very oxidable by the muriatic acid. It is not attacked by the 
alcalies. Nitro-muriatic acid converts it into a white powder. 
Sulphuric acid when boiled upon it is partly decomposed. It is 
one of the most infusible metals. It does not combine with sul- 
phur, but it may be united to phosphorus.* It does not alloy 
with copper, lead, or arsenic, but combines with iron. 


METHOD OF OBTAINING TITANIUM. 


It is extremely difficult to reduce the oxid of titanium to the 
metallic state. However the experiments of Klaproth, Hecht 
and Vauquelin, have proved its reducibility. According to the 
two latter, one part of oxid of titanium is to be melted with six 
of potash; the mass when cold is to be dissolved in water. A 
white precipitate will be formed which is carbonate of titanium. 
This carbonate is then made into a paste with oil, and the mix- 
ture is put into a crucible filled with charcoal powder and a little 
alumine. The whole is then exposed for a few hours to the 
action of a strong heat.. The metallic titanium will be found in 
a blackish puffed up substance, possessing a metallic appearance. 


* Chenevix’s paper in Nicholson’s Journal, Vs p. 134. 
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ANALYSIS OF ORES OF TITANIUM. 


‘Let the ore of titanium, reduced as usual to a fine powder, 
be fused with three times the quantity of potash or its car- 
bonate. The melted mass is then to be dissolved in hot water. 
A white precipitate gradually separates, which is the white oxid 
of titanium. ‘This is all that is necessary to be done with that 
species of ore called red schorl (oxid of titanium). But when iron 
and silex are present as is the case with the menachanite, the fol- 
lowing method of Chenevix may be adopted. 

Saturate an alcaline solution obtained as above with muriatic 
acid. White oxid of titanium will thus become precipitated. 
Separate the precipitate by filtration; evaporate the solution 
to dryness in a glass bason, and re-dissolve the residuum in dis-~ 
tilled water. The silex which was contained in the ore remains 
behind. Precipitate the solution by an alcali; add the precipi- 
tate to the white oxid obtained at first, and dissolve the whole in 
sulphuric acid. On adding to this solution phosphoric acid the 
titanium will be precipitated and the iron left behind. 

The ore called titanite, which contains lime and no iron, must 
be fused with double or triple its quantity of potash, then dissolved 
in muriatic acid, and the silex separated as stated before. 
The titanium is then to be separated from the muriatic solution 
by adding ammonia to it; and afterwards from the lime by a so- 
lution of carbonate of potash. 
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URANIUM. 
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NATURAL HISTORY OF URANIUM. 
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Tus metal was discovered by Klaproth in the year 1789. It 
exists combined with sulphur and a portion of iron, lead, and. 
silex, in the mineral termed Pechblende, or oxid of uranium. 
Combined with carbonic acid it forms the chalcolite, or green 
mica: and mixt with oxid of iron, it constitutes the uranitic ochre. 
It is always found in the state of an oxid with a greater or 
smaller portion of iron or mineralized with sulphur and copper. 
The ores of uranium are of a blackish colour, inclining to a dark 
iron grey, and of a moderate splendor; they are ofaclose texture, 
and when broken present a somewhat uneven, and in the smal- 
lest particles a conchoidal surface. They are found in the 
mines of Saxony. 


PROPERTIES OF URANIUM. 


Uranium exhibits a mass of small metallic globules, aggluti- 
nated together. Its colour is a deep grey on the outside, in 
the inside it is a pale brown. It is very porous, and is so soft 
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that it may be scraped with a knife. It has but little lustre. 
Its specific gravity is 6.440. It is more difficult to be fused than 
even manganese. When intensely heated with phosphate of soda 
and ammonia, or glacial phosphoric acid, it fuses with them into 
a grass-green glass. With soda or borax it melts only into a 
grey, opake, scoriaceous bead. It is soluble in sulphuric, nitric, 
and muriatic acids. It combines with sulphur and phosphorus, 
and alloys with mercury. It has not yet been combined with 
other combustible bodies. It decomposes the nitric acid and be- 
comes converted into a yellow oxid. The action of uranium 
alone upon water, &c. is still unknown, probably on account of 
its extreme scarcity, 


METHOD OF OBTAINING URANIUM. 


In order to obtain uranium, the pechblende is first-freed from 
sulphur by heat, and cleared from the adhering impurities as 
carefully as possible. It is then digested in nitric acid; the me- 
‘tallic matter that it contains is thus completely dissolved, while 
part of the sulphur remains undissolved, and part of it is dissipated 
under the form of sulphurated hidrogen gas. The solution is 
then precipitated by a carbonated alcali. The precipitate has a 
lemon-yellow colour when it is pure. This yellow carbonate is 
made into a paste with oil and exposed to a violent heat, 
bedded in a’crucible containing and lined with charcoal. 

Klaproth obtained a metallic globule 28 grains in weight, by 
forming a ball of 50 grains of the yellow carbonate with a little 
wax, and by exposing this ball in a crucible lined with charcoal 
to a heat equal to 170° of Wedgwood’s pyrometer, 

Richter obtained in a single experiment 100 grains of this 
metal which seemed to be free from all admixture. 


ANALYSIS OF ORES OF URANIUM, 31 
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These ores may be treated with nitric acid. In order to analyze 
the black ore of uranium or pechblende, let one part of the ore 
reduced to powder be digested in four or five of diluted nitric 
acid. Repeat this process two or three times. The undissolved 
residue is a mixture of the silex, sulphur, and iron, which 
was contained in the ore. To get rid of-a small quantity 
of iron, which generally is taken up by the acid, immerse 
a polished plate of zinc in the solution. The iron will thus 
become precipitated. On evaporating the solution a pre- 
cipitate will ensue which is nitrate of lead. The solution must 
then be filtered, and a solution of potash added to it, to throw 
down the zinc and uranium. The precipitate obtained by means 
of this agent must be transferred into a phial containing liquid 
ammonia, and suffered to stand for some days. The oxid of zinc 
_ will by this means be dissolved, and the oxid of uranium be 
left behind. It must therefore be separated on a filter, washed 
and dissolved in diluted sulphuric acid, and then evaporated 
slowly; it will yield crystals of a lemon-yellow colour. 

The yellow oxid of titanium, or uranitic ochre, may be treated 
in a similar manner with nitric acid. The uranium will be 
dissolved in the acid, and the iron left behind. 

Green mica, or chalcolite, may be analyzed by first dissolving 
it in nitric acid, and then adding to the solution, liquid ammo- 
_ nia in excess. The oxid of titanium will become precipitated, 
and the copper which was contained in the ore remain dissolved 
in the solution. 
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COBALT. 


PART XLI. 


et ae 


NATURAL HISTORY OF COBALT. 


Cosar has never yet been found pure in nature. -We 
meet with it almost always either in the state of an oxid; alloyed 
with other metals in the form of asulphuret; or combined with 
an acid. 

Cobalt in the state of an oxid forms the black colalt ore. This 
ore is found in Germany, either in powder of a black or grey 
colour, or in compact masses. In the last form it exhibits at its 
fracture, rose-coloured spots. ‘There are several varieties of this 
ore. / 

Cobalt alloyed with other metals forms the dull white cobalt 
ore. In this ore, which occurs either amorphous or crystallized, 
cobalt is united to iron and arsenic. ‘The colour of this ore 
when fresh broken is white or blueish-grey, sometimes with a 
shade of red. It has a metallic lustre. Its texture is compact. 
Cobalt united to sulphur forms the white cobalt ore. It is met 
with in masses or crystallized in cubes, dodecahedra, and octa- 
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hedra, Its colour is a tin-white, sometimes reddish-yellow. 
Cobalt combined with arsenic acid forms the red cobalt ore, 
arseniate of cobalt. It is found in masses of various shapes. Its 
colour is red, inclining to orange. : 


PROPERTIES OF COBALT. 


Cobalt when in a pure state is of a steel-grey colour, with a 
tinge of red, and a fine close grain. It has a granulated fracture, 
and is easily broken and pulverized. Its specific weight is be-. 
tween 7.700 and 7.811. It requires a very intense heat for. 
its fusion, nearly equal to that necessary to melt cast-iron. : 
When heated in contact with the air it oxidates before fusion. 
Phosphorus renders it very fusible, and converts it into a phos- 
phuret. It unites to sulphur with difficulty, but very well with 
the alcaline sulphurets by fusion. When alloyed with metals it 
renders them granulated, rigid and brittle. It is attacked by the 
greater number of the acids and unites with the boracic acid. 
Its solutions in different acids become green when heated, and 
from this property it is used as an ink, which when written with 
- on paper is invisible, but becomes visible when gently heated, and 
disappears when cold. It takes fire in oxigenated muriatic acid 
gas. It colours glass of a fine blue. It unites with platina, 
gold, iron, nickel, copper, and arsenic, by fusion; but silver, 
lead, bismuth, and mercury, refuse to unite with it in the dry 
way. In its purest state it is not only obedient to the magnet 
but if we may trust to the accuracy of some experiments made 
by Kohl and Wenzel, it may even receive a magnetical attrac- 
tive power*, . 

Nitrate of potash oxidates cobalt readily. It detonates by the 
blow of a hammer when mixed with oxigenated muriate of 
potash. It produces fine colours in porcelain, enamels, artificial 
gems, &c. ; 

VoL, 11. C 


* Crell’s Neue Endeck, vol. VII. p. 39. 
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METHOD OF OBTAINING COBALT. 


The process made use of by chemists for obtaining cobalt is to 
torrify the cobalt ore in an open fire, in order to separate it from 
the arsenic or sulphur. ‘The cobalt is then obtained in the state 
of a black oxid more or less dark. This oxid must be mixed with 
three parts of black flux, and one of decrepitated muriate of 
soda; some add also half a part of resin. ‘The whole is put into 
a crucible of such a capacity that at least one-third of it may re- 
main empty, and placed in a furnace exposed to a gentle heat un- 
til the resin ceases to burn; the fire must then be raised gradually, 
yn order to bring the crucible to a white heat, and in that state 
it must be kept until the matters are completely fused. It is 
then suffered to cool, and having broken the crucible, the cobalt 
must be separated: from the scoriae, which are of a blue colour. 

Remark...It is impossible to obtain cobalt in this way in a 
state of considerable purity. It always is contaminated with 
iron. 

In order to get rid of this, the cobalt previously oxidated is to 
be dissolved in nitric acid. The solution must then be evapo- 
rated to dryness and the remainder exposed for some time to a 
red-heat, whereby the nitrated iron becomes decomposed: or the 
solution of cobalt in nitric acid may be precipitated by pure 
potash. The precipitate after being washed is dissolved in ni- 
tric acid. This solution must be evaporated to dryness, and 
ye-dissolved in as little distilled water as possible, and then preci- 
pitated by liquid ammonia.. More ammonia is then to be added 
in order to re-dissolve the precipitate. ‘Fhis ammoniacal so- 
lution must be evaporated to dryness, and then mixt with two 
parts of black flux into a paste witha sufficient quantity of oil, 
and exposed to a white heat in a forge for at least two hours. A. 
button will thus be obtained which is pure cobalt. 


PROOFS OF THE PROPERTIES OF COBALT. 35 


SECT. It. 


EXPERIMENTAL PROOFS 
OF 
THE PROPERTIES OF COBALT. 
Experiment I, 


Cobalt combines with Phosphorus. 
(Phosphuret of cobalt.) 


‘Tuts may be accomplished by bringing the metal to a red heat 
in a crucible, and gradually adding phosphorus in small pieces. 
The compound is whitish and brittle. When exposed to the air it 
loses its metallic lustre. It is much more fusible than the pure 
metal. The phosphorus may be separated from it by heat, leav- 
ing the metal behind oxidated. - _ 


EXPERIMENT IJ, 


Cobalt decomposes nitric acid by the assistance of heat with 
great rapidity. 


(Nitrate of cobalt.) 


Put pounded cobalt into a Florence flask, and pour over it five 
of six times its weight of nitric acid; place the flask over a lamp, 
and heat it, till the metal is dissolved; leave the solution at rest, 
and then decant it. When the solution is at the point of satura- 

C2 
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tion, it has a brown rose-colour, or a bright green. Evaporate 
the solution in a glass bason till it is reduced one-half; on cool- 
ing, it will form crystals in small needles called nitrate of cobalt. 


EXPERIMENT III. 


Cobalt is soluble in nitro-muriatic acid. 
(Muriate of cobalt, or green sympathetic ink.) 


Put into a matrass one part of cobalt and four of nitric acid. 
Digest the mixture on a sand-bath for three or four hours, or 
until the solution be almost completed; then add muriate of soda 
equal in quantity to the cobalt employed, and four times as much 
water as nitric acid; filter the Hquor through paper, and nitro- 
muriate of cobalt, or more properly muriate of cobalt, will be 
obtained. | 

If letters be traced on clean paper with this solution, they 
will be invisible; but by exposing the paper to a gentle heat, 
they will appear of a beautiful green; this colour will disappear . 
as the paper cools, and may be made to appear and disappear 
successively. 


EXPERIMENT IV. 


Cobalt combines with acetic acid when in the state of an oxid. 
(Acetite of colalt, or blue sympathetic ink.) 


Though acetic acid does not act on cobalt in its metallic state, 
its oxid is dissolved by it with moderate facility when assisted by 
heat. The solution of acetite of cobalt is rose-red; it yields a 
blue sympathetic ink, and is best prepared in the following 
manner: ~— 2 
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Take one ounce of cobalt reduced to powder, put it into a 
Florence flask and pour over it two ounces of pure nitric acid. 
Expose the mixture to a gentle heat, and when the cobalt is dis- 
solved, add, by small quantities, a solution of potash, until no 
more precipitate ensues. Let this precipitate subside, decant 
the super-natant fluid, and wash the residuum repeatedly in 
distilled water until it passes tasteless. Then dissolve it in a 
sufficient quantity of pure distilled vinegar, by the assistance 
‘of a gentle heat, taking care to have a saturated solution, 
which will be known by part of the precipitate remaining undis- 
solved after the vinegar has been digested on it for some time. 
This fluid is a solution of pure oxid of cobalt in acetic acid, and’ 
forms a beautiful blue sympathetic ink, by the addition of about 
one-eighth part of muriate of soda. This ink, like that made with 
the nitro-muriatic acid is not visible without heat, and disappears 
when the paper grows cold. 

Remarx...The cause of this singular change of the solutions 
of cobalt has not hitherto been explained in a satisfactory manner. 
It takes place equally in close vessels, so that it can scarcely be 
ascribed to the action of the air or of moisture. At present it is 
supposed, (but without any direct proof) to be owing to the partial 
de-oxidation of the oxid of cobalt by heat, and its re-absorption 
of oxigen when cold, . 

These phenomena arrested particularly the attention of form- 
er chemists, and accordingly to their fanciful way they gave 
them the name of sympathetic inks; an-appellation appro- 
priated to all liquids, the characters of which are colourless 
and invisible when written on paper, but become visible and 
coloured by undergoing certain processes, and likewise to those 
which form characters upon paper susceptible of changing their 
colour by artificial methods. 
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ANALYSIS OF ORES OF COBALT. 


Take one part of the ore reduced to powder, pour over it in 
a Florence flask three ounces of nitro-muriatic acid, and assist 
its action by heat till nearly the whole of the ore is dissolved. 
Let the mixture stand undisturbed for a few hours, decant the 
supernatant fluid and filter it gradually. The insoluble residue 
consists of sulphur and silex. ‘To the before-obtained solution, 
carbonate of potash dissolved in water must be added as long as 
a cloudiness appears. When no farther precipitate is produced, 
filter the whole, wash the precipitate which remains on the filter 
repeatedly, by pouring distilled water over it and then dry it. 
The precipitate thus obtained consists of iron, arsenic and co- 
balt. In order to separate these metals, let it again be dissolved 
in diluted nitric acid, and decompose this solution by adding li- 
quid ammonia till no further precipitate ensues; collect the pre- 
cipitate and dissolve it in acetous acid, and suffer this solu- 
tion to evaporate slowly. By this process the iron gradually 
becomes separated in the form of a yellow or red powder. The 
solution must therefore again be filtered. The filtered solution 
which contains the arsenic and cobalt is now to be mingled with 
liquid ammonia, till the odour of the latter is predominant. The 
arsenic will then become separated, and the cobalt remains in 
solution. By then evaporating the ammoniacal solution, the 
cobalt will be obtained in the state of an oxid. In order to-re- 
duce it to its metallic state, it may be mixed with two or three 
parts of black flux and ore of borax, and then exposed to a 
violent heat in a smith’s forge, for at least one hour and a half. 
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NICKEL. 


PART XLII. 


NATURAL HISTORY OF NICKEL. 


Ir is to Cronstedt that we are indebted for the discovery of 
this metal; though the substance from which he extracted it 
was known in the year 1694. Cronstedt proved it to be a 
peculiar metal in the year 1751. Nickel is found in nature 
generally in the metallic state, more rarely in that of an oxid. 
Its ores have a coppery red colour, generally covered more or 
less with a greenish grey efflorescence. The most abundant ore 
is that termed sulphuret of nicked or kupfernickel, which is a 
compound of nickel, arsenic, sulphuret of iron, and sometimes 
cobalt and copper. This ore occurs either massive, or dis- 
seminated, but never crystallized; it is of a copper colour, 
sometimes yellowish, white, or grey, It exists also combined 
with oxigen, and a little carbonic acid, in what is called native 
oxid of nickel, (nickel ochre) 3 it then has an earthy appearance, 
and is very friable: it is found coating kupfernickel, and seems 
C4 . 
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to originate from the decomposition of this ore. It is found 
contaminated with iron in the mineral substance called martial 
nickel; this native combination, when fresh broken, has a 
lamellated texture; when exposed to the air, it soon turns 
black, and sometimes exhibits thin rhomboidal plates placed 
irregularly over each other. It is also found united to arsenic, 
cobalt, and alumine in the ore called arseniate of nickel. 


PROPERTIES OF NICKEL. 


Nickel, when free from heterogeneous substances, is of a 
pale flesh colour. When fresh broken it has a strong lustre. 
It has a fine grained compact texture, and can be a little 
flattened by hammering, similar to cast iron. It leaves a trace 
when rubbed upon the polished surface of a hard stone. Its 
specific gravity is 7.380. It requires a very intense heat for 
fusion. When exposed for a long time to a humid atmosphere, 
its surface becomes gradually covered with an oxid of a greenish 
hue; this takes place likewise, and more rapidly, when heated 
in contact with air. When fused with borax it produces a 
glass of a hyacinth colour. It unites with phosphorus by fusion, 
and forms with it a phosphuret which is very fusible, white, 
and in brilliant needles. With sulphur it forms by fusion, 
a hard yellow mass, with small brilliant facets. Sulphuric acid, 
assisted by heat, dissolves it. Nitric acid acts on it more 
readily. Muriatic acid, when heated on it, likewise dissolves 
- part of it. Boracic and phosphoric acids seem to have little or 
no action on nickel. It readily unites with gold, and renders 
that metal white and brittle. It likewises fuses with platina, 
silver, and bismuth. It does not alloy with mercury. It is 
easily oxidated by the nitrate and the super-oxigenated muriate 
of potash. Jt is not magnetic, nor has it the smallest effect 
upon the magnetic needle. This has been proved by Mr. 
Chenevix, who has also shown that the magnetism of common 
nickel is owing to the iron which so obstinately adheres to it. 
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For a portion of iron, so small as not to be detected ly the best 
chemical tests, when combined with nickel, is capable of 
communicating magnetic properties to the whole mass as strong 
as if the whole were composed of steel. 


METHOD OF OBTAINING NICKEL. 


To obtain nickel, the ore is first roasted, in order to free it 
from sulphur and arsenic; it then is changed into a greenish 
oxid. This oxid is mixed with two or three parts of black flux. 
The mixture is put into a crucible, and, being covered with 
decrepitated muriate of soda, it is brought to the state of fusion, 
by the strongest heat of a smith’s forge. 

When the crucible is broken, there is found at the bottom, 
under brown, blackish, and sometimes blue scoriae, a button 
of a yellowish white colour, equal in weight to a tenth, a fifth, 
and even a half of the ore employed. This metal, however, 
is still far from being pure. 

In order to purify it, the button obtained is again broken 
into small pieces, strongly heated, and then digested with its 
own weight of concentrated sulphuric acid, and distilled to 
dryness. The dry mass is dissolved in water and filtered. 
This solution, in general, deposits crystals of arsenic, and 
_ finally affords dark green crystals of sulphate of nickel. This 
sulphate is re-dissolved in water, and decomposed by carbonate 
of potash. The precipitate is dissolved in liquid ammonia; 
the blue solution leaves a residuum which is filtered off, and 
the filtered solution saturated with nitric acid. The nickel is 
then precipitated in the form of a greyish green powder,’ by 
carbonate of potash. From this oxid the metallic nickel is ob- 
tainable by exposing it to heat, when made into a mass with oil | 
and a little charcoal powder. 

The nickel obtained in this manner was, until lately, con- 
sidered as perfectly pure. It possesses, however, magnetic 
properties. It is therefore contaminated with iron, 


42 ANALYSIS OF ORES OF NICKEDY. 


In order toobtain this metal in a state of absolute purity, 
the following method of Chenevix must be had recourse to: 

Take the native sulphuret of nickel, reduce it to powder, 
and roast it in contact with charcoal powder over a gentle fire. 
When no more fumes arise, pour then nitric acid over it, and 
dissolve it by heat in a Florence flask. Decant the solution, 
filter it through bibulous paper, and evaporate it to dryness in 
a glass bason. Dissolve the nitrate of nickel in a sufficient 
quantity of distilled water, and decompose it by the addition of 
the strongest liquid ammonia, taking care to add it in excess. 
The oxid of nickel and cobalt will thus be re-dissolved ; then 
let the solution stand undisturbed till a precipitate again ensues. 
The solution must then be evaporated; it becomes blue during 
this process, by the precipitation of the cobalt, which should be 
separated, and the evaporation be then continued to dryness: 
the residue will be pure oxid of nickel. 

In order to reduce this oxid to the metallic state, let it be 
made into a paste with oil, mix it with about three parts 
of black flux, and put it into a crucible, covering it with 
borax and muriate of soda, and heat the crucible violently for 
an hour and a half in a forge, a button will then be obtained, 


which is pure nickel. 


ANALYSIS OF ORES OF NICKEL. 


The ore called kupfernickel may be analyzed in the following 
manner: Let any quantity of the ore be reduced to a fine 
powder, digest and extract it with nitric acid, as long as this 
fluid will take up any of the ore, Then transfer the whole 
on a filter, and wash the residuum by pouring water over it 
repeatedly. This insoluble residue consists for the most part 
of sulphur; all the other substances which were contained 
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in the ore, are held in solution by the acid. In order to 
separate them, dilute the solution with water, a turbidness will 
ensue, and a white precipitate will gradually fall to the bottom 
This is the arsenic which was contained in the ore; it may be 
collected on a filter. A solution of potash must then be added in 
excess, and the precipitate boiled for a few minutes. The 
arsenic and sulphur, part of which remained still in the solution, 
will thus become completely separated, The precipitate must 
then be dissolved in acetous acid. Qn adding to this solution, 
liquid ammonia, in considerable excess, the iron becomes 
precipitated, and the cobalt and nickel are retained in the fluid. 
On evaporating this solution, the cobalt becomes precipitated, 
which must be separated, and on continuing the evaporation 
to dryness, the nickel which. was contained in the ore is 
obtained. 

The ore called arseniate of nickel, requires a treatment a little 
different from this. One part of the powdered ore must first 
be boiled with three of potash, in six parts of water, for at 
Jeast an hour. The residuum must be washed, and then 
analyzed in the manner stated before. 
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MANGANESE. 


PART XLII. 


SECT. I. 


NATURAL HISTORY OF MANGANESE. 


Tus metallic substance seems, after iron, to be the most 
frequently diffused metal through the earth, its ores are very 
common. As a peculiar metal, it was first noticed by Gahn 
and Scheele, in the years 1774 and 1777. It is always found 
in the state of an oxid, varying in the degree of oxidation. 
La Peyrouse affirmed that he had found manganese in a metallic 
state; but there was probably some mistake in his observation. 
They are distinguished into grey oxid of manganese, black oxid of 
manganese, reddish white oxid of manganese, and carbonate of 
manganese. All these combinations have an earthy texture; 
they are very ponderous; they occur both amorphous and 
crystallized; and generally contain a large quantity of iron. 
Their colour is black, blackish-brown, or grey, seldom white. 
They soil the fingers like soot. They are sometimes crystallized 
jn prisms, tetrahedral, rhomboidal, or striated. 


PROPERTIES OF MANGANESE. AS 


PROPERTIES OF MANGANESE. 


Manganese is of a whitish grey colour. Its fracture is 
granulated, irregular, and uneven. It is of a metallic brilliancy, 
which it, however, soon loses in the air. Its specific gravity 
is about 6.850.. It is very hard, and extremely brittle. It is 
one of the most refractory meials, acd most difficult to fuse, 
requiring at least 160° of Wedgwood’s pyrometer. Its oxida- 
bility is so rapid, that exposure to the air is sufficient to render 
it red, brown, black, and friable, in a very short time; it can,. 
therefore, only be kept under water, oil, or ardent. spiritot 
It is the most combustible of all the metals. It decomposes 
water by heat very rapidly, as well as the greater part of the 
metallic oxids. It decomposes sulphuric acid. It is soluble in 
nitric acid. It is fusible with earths, and colours them brown, 
violet, or red, according tc its state of oxidation. It discolours 
glasses tinged by iron. It does not appear to unite with sulphur. 
It combines with phosphorus. It unites with gold, silver, and 
copper, and renders them brittle. It unites to arsenic in close 
vessels, but does not enter into union with mercury. It forms 
three differently coloured oxids by combining with different 
portions of oxigen, 


METHOD OF OBTAINING MANGANESE. 


This metal is obtained by’ mixing the black oxid, finely 
powdered, with pitch; making it into a ball, and putting this 
into a-crucible, with powdered charcoal, 4 of an inch thick 
at the sides, and 4 of an inch deep at the bottom. The empty 
space is then to be filled with powdered charcoal ; a cover is to 
be luted on; and the crucible exposed, for an hour, to the 
strongest heat that can be raised. Or, digest the black oxid of 
manganese repeatedly, with the addition of 7g of sugar, in 
nitric acid; dilute the mixture with three times its bulk of 
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water, filter it, and decompose it by the addition of potash ; 
collect the precipitate, form it into a paste with oil, and put it 
into a crucible, well lined with chareoal. Expose the crucible 
for at least two hours to the strongest heat of a forge. 

Manganese may also be obtained in the following manner : 

Prepare a saturated solution of sulphate of manganese, bring it 
to a boiling heat, and add to it, gradually, a solution of tartrite of 
potash, until no further precipitate ensues; then filter the 
solution, and wash the precipitate in water, and when dry, 
make it into a paste with oil, and proceed as before. 

RaTionave...The sulphuric acid unites to the potash, and 
forms sulphate of potash, and the tartareous acid joins to the 
manganese, and forms a tartrite of manganese, which is decom- 
posable by heat. 
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SECT. II. 


EXPERIMENTAL PROOFS 
OF 


THE PROPERTIES OF MANGANESE. 
SU RInattene_. ceaesiemeenenannantl 
Experiment I, 


Manganese becomes oxiduted at the common temperature of the 
atmosphere. 


Ir pure manganese be reduced to small pieces, and exposed to 
the air, it tarnishes and assumes a lilac-colour, which soon 
changes to brown and black. The metal then crumbles into a 
violet-coloured powder, which changes blacker as the oxidation 
proceeds, and at last becomes the black oxid of manganese. 
The oxidation is greatly accelerated by the assistance of heat. 


EXPERIMENT II. 
Formation of the white, or imperfect, oxid of manganese. 


Take the residuum left in the retort after the disengagement 
of oxigenated muriatic acid gas, (page 334) dilute it with 
distilled water, and filter it. Then decompose it by gradually. 
adding a solution of potash, wash the precipitate, and dry it. 
This is the white oxid of manganese. 
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EXPERIMENT III. 


The oxid of manganese is soluble in sulphuric acid. 
(Sulphate of manganese.) 


Let six parts of concentrated sulphuric-acid be poured upon 
one of pulverized black oxid of manganese, and the mixture 
heated to redness in a glass retort. A vast quantity of oxigen 
gas will be disengaged, and the residuum will be a hard white 
mass, which must be powdered and boiled in water. The fluid, 
when filtered, affords, on adding a little sugar, a colourless 
solution, which, by evaporation, yields large, transparent, qua- 
drangular crystals, called sulphate of manganese. 

Remark. If the coloured solution of sulphate of manganese 
be exposed to the rays of the sun, it loses its colour, and regains 
it when removed into darkness. 

RaTionaLe. This depends on the de-oxidation of the metal 
by vivid light. | 


EXPERIMENT IV. 


Manganese combines with phosphorus. 
(Phosphuret of Manganese.) 


Manganese may be united to phosphorus by melting equal 
parts of this metal, and glacial acid of phosphorus, in a crucible 
with one sixth part of charcoal powder. 

Or, by dropping phosphorus upon red-hot manganese. 

The phosphuret of manganese ‘obtained in either of these 
processes is white, brittle, granulated, and of a metallic lustre. 
It is more fusible than manganese, and unalterable by exposure 
to the air. When heated, the phosphorus burns, and the 
manganese becomes oxidated. 


PROOFS OF THE PROPERTIES OF MANGANESE. 49 


ExvERIMENT V. 


Alcalies unite veewith the perfect oxid of manganese in the 
dry mili 


These compounds. possess the singular property of changing 
colour when dissolved in water: for-instance, let one part of 
black oxid of manganese, reduced to powder, and three parts of 
nitrate of potash, be exposed to ignition in a crucible, until the 
mixture fuses ;| when the mass assumes a dry earthy appearance 
it is partly soluble in water. Ifa small portion of this powder 
be put into a glass, containing spring water, the fluid becomes 
green, then violet, next reddish, and at last totally colourless. 
-This property, which has acquired to the compound, the name 
of mineral cameleon is destroyed Pyle a very small quantity of 
sulphuret of potash. 

RationaLe. The nitrate of potash is hier and the 
black oxid of manganese is. brought to the state of a more 
imperfect oxid by the ignition : it then becomes partly soluble 
in the potash. This solution would appear blue; but as some 
portion of oxid of iron is always contained in the black oxid of 
manganese, its colour is changed to green by the yellow tint of 
the oxided iron. This oxid gradually subsides, and the blue 
colour appears. The oxid of manganese now attracts more 
oxigen from the air, and assumes a reddish-brown tinge, which 
increases more and more, and at last becomes black. It is then 
precipitated, and the solution becomes limpid. 
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ANALYSIS OF ORES: OF MANGANESE. 


Ores of. manganese always contain a variety of different earths, 
it is therefore advantageous to free them from these admixtures, 
by digesting them for some hours, in diluted nitric acid, which 
has no.effect upon the oxid of manganese. This being done, 
let one part of the ore be digested im six or eight of concentrated 
muriatic acid, and assist the action by'a-gentle heat. Repeat this 
operation, with half this quantity of acid, until no further 
solution. takes place, which:may. be known by holding ‘a piece 
of litmus paper over the fumes which arise from the evaporating 
vessel, If the blue. colour of the litmus paper. becomtes reddened; 
this. operation is at! an erid, but if its colour-becomes ‘discharged; 
the operation must: be continued. "The whole is then to be left 
undisturbed, (the insoluble. part’ which remains consists mostly 
of silex,) and afterwards filtered. The muriatic solution must 
then be decomposed by letting ‘fall’ into it a solution of 
carbonate: of soda. A copious precipitate will: instantly take 
place, which, is of awhite colour, but it soon becomes grey 
when left: exposed to air; or black, when heated in a crucible. 
This is the oxid of manganese contained in the ore. 
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BISMUTH. 


PART XLIV. 


SECT. Is 


NATURAL HISTORY OF BISMUTH. 


P ayaa — 


Bismuri is found in the earth in very few different states, 
more generally native or in the metallic state. ative bismuth 
is met with in solid masses, and also in small particles dispersed 
in and frequently deposited on different stones; at Schreeberg in 
Saxony, Sweden, &c. Sometimes it is crystallized in four-sided 
tables, or indistinct cubes. It exists combined with oxigen in the 
oxid of bismuth, (bismuth ochre) found in small particles, dis- 
persed, of a bluish or yellowish-grey colour, needle-shaped and 
capillary; sometimes laminated forming small cells. It is also 
though more seldom united to sulphur and iron in the form of a 
sulpburet in the martial sulphurated bismuth ore. ‘This ore has 
a yellowish-grey appearance, resembling ‘somewhat the martial 
pyrites. And, it is sometimes combined with arsenic. 
D 2 
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PROPERTIES OF BISMUTH. 


Bismuth is of a silver-white colour inclining to red. It soon 


tarnishes and becomes iridescent. It is brittle and can easily be _ 


reduced to small particles. It is soft enough to be cut with a 
knife. It has a lamellatedtexture. Its specific gravity is 9-800. 
It requires less heat for fusion than any other metal, tin excepted, 
melting by a heat = 460° Fahr. It can be volatilized by heat 
and escapes in the state of greyish-white vapour. It readily unites 
with mercury and with sulphur. When fused it exhibits on 
cooling, cubical figures on the surface. It is soluble in sulphuric, 
nitric, and muriatic acids. The solution in nitric acid is decom- 
posable by mere dilution with pure water. It inflames in oxige- 
nated muriatie acid gas. It is capable of combining with the 
greatest number of the metals; and when in certain proportions, 
promotes their fusibility remarkably, (page 46). It speedily 
becomes black by sulphurated hidrogen gas. | 


METHOD OF OBTAINING BISMUTH. 


To obtain bismuth from its ore nothing more is necessary than 
to fuse the ore with an eighth part of flux in a well closed vessel, 
the metal will thus be obtained. The metal obtained by this 
process, however, is far from being in a pure state. It forms the 
bismuth of commerce. . 

In order to purify it, let it be powdered, and dissolve it in 
pure nitric acid and precipitate it, by adding water to the solu- 
tion. Collect the precipitate on a filter, form it into a paste 
with oil, and rapidly fuse it with black flux in a closed crucible. 


i 
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SECT. II. 


EXPERIMENTAL PROOFS 
oF 
THE PROPERTIES OF BISMUTH. 
geese 
EXPERIMENT I. 
Nitric acid dissolves bismuth with great rupidity. 


Por some nitric acid into a Florence flask or common phial, 
and gradually add to it bismuth broken into small pieces till no 
more dissolves, then filter the solution. This solution, when 
evaporated and suffered to crystallize slowly, furnishes a white 
and exceedingly brilliant salt, which is nitrate of bismuth, 

It is remarkable that if this metallic salt be dissolved in pure 
| water, it renders it white and milky, which is a criterion to dis- 
tinguish this from other metals. The precipitate which is thus 
formed is called white oxid of bismuth, and is sold by perfumers 
under the name of pearl white, 


Experiment II. 
Preparation of white oxid of bismuth. 
Dissolve bismuth in pure nitric acid, diluted with an equal 


quantity of water. Let the solution stand undisturbed, till it be- 
D 3 | 
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comes perfectly transparent, then add a large quantity of distilled 
water; a precipitate will instantly be formed. When this has 
subsided decant the super-natant fluid, and wash the white 
powder repeatedly in distilled water till it passes tasteless, then 
suffer it to dry spontaneously in the dark, and keep it in a glass 
bottle. | : 
RemaRK...Lhis oxid is used as a cosmetic for whitening the 
skin, but it is attended with this inconvenience, that it becomes 
black by coming into contact with fetid substances, &c. The 
eating of boiled eggs is capable of producing this effect. It is 
thought, and perhaps with reason, that this paint gradually im- 
pairs the skin. The liberal use of any paint for the skin seems 
likely to do this, but have we not reason to suspect, from the 
deleterions effects of this metal on the animal economy, that the 
liberal use of the oxid of this metal may be attended with effects 
similar to those which the oxids of lead are known to produce ? 


Experiment IIT, © 
Combination of bismuth with phosphorus. 


Fuse a little bismuth in a crucible, and let fall upon it gra- 
dually small pieces of phosphorus. On removing the crucible 
from the fire, the phosphuret of bismuth will be found adhering 


strongly to the crucible. 
Sulphuret of bismuth may easily be obtained by melting sul- 


phur and bismuth together. 
The union of bismuth with metals is not attended with any 


difficulty. 
EXPERIMENT IV. 


Oxid of bismuth decomposes muriate of ammonia by heat. 


Mix together one part of oxid of bismuth and two of muriate 
of ammonia, put the mixture into a glass retort, furnished with 


ANALYSIS OF ORES OF BISMUTH, SS 


a receiver containing a little water, and proceed to distillation : 
ammonia will pass over and be absorbed by the water in the re- 
ceiver, and a little oxid of bismuth, mixed with undecomposed 
muriate of ammonia, will rise and attach itself to the neck of the 
retort. The remainder, in the retort, is a combination of the 
metallic oxid with muriatic acid, called muriate of bismuth. 


ANALYSIS OF ORES OF BISMUTH. 


Ores of bismuth and bismuth ochre are very easily examined. 
The ore called native bismuth may be analyzed by treating it re- 
peatedly with nitric acid assisted by heat. On adding water to 
the clear solution the bismuth becomes precipitated in the form 
of a white powder. If the whole should not be precipitated at 
first, the solution should be concentrated by evaporation, then a 
second affusion of water will precipitate the remainder. This 
precipitate formed into.a paste with a few drops of oil, and 
rapidly fused with black flux, gives. a button of bismuth, 

The rest of the ores of bismuth may be analyzed in a similar 
manner, The sulphur which they contain will not be acted upon 
by the nitric acid, it will therefore be left geet, and may be 
separated by filtration, 
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ANTIMONY. 


PART XLV. 


SECT. I. 


NATURAL HISTORY OF ANTIMONY. 
oo 


Antimony is found native, but very rarely; it has, in 
that state, a metallic lustre, and is found in masses of different 
shapes; its colour is white, between those of tin and silver. It 
generally contains a small portion of arsenic. It is likewise 
met with in the state of an oxid, antimonial ochre.. The most 
abundant ore of it is that in which it is combined with sul- 
phur, the grey ore of antimony, or sulphuret of antimony. The 
colour of this ore is bluish, or steel-grey, of a metallic lustre, 
and often extremely beautifully variegated. Its texture is either 
compact, foliated, or striated. The striated is found both crystal- 
lized, massive, and disseminated; there are many varieties of 
this ore. 
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PROPERTIES OF ANTIMONY. 


Antimony is of a greyish white, having a slight bluish shade, 
and very brilliant. _ Its texture is lamellated, and exhibits plates 
crossing each other in every direction. Its surface is covered 
with herbarizations and foliage. Its specific gravity is 6.702. 
It is sufficiently hard to scratch all the soft metals. It is very 
brittle, easily broken, and pulverizable. It fuses at 810° Fahr. 
It can be volatilized, and burns by a strong heat, When per- 
fectly fused, and suffered to cool gradually, it crystallizes in 

octahedra. It unites with sulphur and phosphorus. It decom- 
| poses. water strongly. It is soluble in alcaline sulphurets. 
Sulphuric acid, boiled upon antimony, is feebly decomposed. 
Nitric acid dissolves it in the cold. Muriatic acid scarcely acts 
upon it... The oxigenated muriatic acid gas inflames it, and the 
liquid acid dissolves it with facility. Arsenic acid dissolves it 
by ;heat with difficulty. .It unites, by fusion, with gold, and 
renders it pale and brittle, . Platina, silver, lead, bismuth, nickel, 
copper, arsenic, iron, cobalt, tin, and zinc, unite with antimony 
by fusion, and form with it compounds, more or less brittle. 
Mercury does not alloy, with it easily. We are little acquainted 
with the action of alcalies'upon it. . Nitrate of potash is decom- 
posed by it. It fulminates by percussion-with oxigenated muriate 
of potash. | 


METHODS OF OBTAINING ANTIMONY. 


1. To obtain antimony, heat 32 parts of filings of iron to red- 
ness, and project on them, by degrees, 100 parts of antimony ; 
when the whole is in fusion, throw on it, by degrees, 20 parts 
of nitrate of potash, and after a few minutes quiet fusion, pour 
it into an iron melting cone, previously heated and greased. 

2. It may also be obtained by melting eight parts of the ore 

mixed with six of nitrate of potash, and three of acidulous tartrite 
of potash, gradually projected into a red-hot crucible, and fused. 
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To obtain perfectly pure antimony, Margraaf melted some 
pounds of the sulphurated ore in a luted crucible, and thus 
scorified any metals it might contain. Of the antimony thus 
purified, which lay at the bottom, he took sixteen ounces, which 
he oxidated cautiously, first with a slow, and afterwards with a 
strong heat, until it ceased to smell of sulphur, and acquired a 
greyish white colour. Of this grey powder he took four ounces, 
- mixed them with six drachms of acidulous tartrite of potash, and 
three of charcoal, and kept them in fusion in a well covered and 
luted crucible, for one hour, and thus obtained a metallic button 
that weighed one ounce, seven drachms, and twenty grains. 

The metal, thus obtained, he mixed with half its weight of 
desiccated carbonate of soda, and covered the mixture with the 
same quantity of the carbonate. He then melted it in a wet 
covered and luted crucible, in a very strong heat, for half an 
hour, and thus obtained a button which weighed one ounce, six 
drachms, and seven grains, much whiter and more beautiful 
than the former. This he again treated with one and a half 
ounce of carbonate of soda, and obtained a button, weighing 
one ounce, five drachms, and six grains. This button was still 
purer than the foregoing. Repeating these fusions with equal 
weights of carbonate of soda three times more, and an hour and 
a half each time, he at last obtained a button so pure as to - 
amalgamate with mercury with ease, very hard, and in some 
degree malleable; the scoriae formed in the last fusion were 
transparent, which indicated that they contained no sulphur, and 
hence it is the obstinate adherence of the sulphur that renders 
the purification of this metal so difficult, : 


oo 
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SECT. If, 


EXPERIMENTAL PROOFS 
OF 


‘THE PROPERTIES OF ANTIMONY, 


EXPERIMENT I, 


Antimony combines with different portions of oxigen. 


‘W uen antimony is beaten to powder, and exposed for 
-some time to a dull red heat, in an open vessel, it absorbs oxigen, 
and is converted into a grey powder. This is called grey omid of 
antimony. | 

When the metal is exposed to a higher temperature the product. 
is white oxid of antimony. For instance, 

Place a triangular crucible in a furnace, not vertically, but in 
the manner of a muffle, with its bottom somewhat inclined. - Its 
mouth must project a little without the door, through which it 
is introduced into the furnace, and it may be Juted in that posi- 
tion. Put some meétallic antimony into it, and place over its 
mouth another crucible, to receive the oxid. Bring the metal to 
a white heat, and remoye the upper crucible every half hour, 
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putting another in its place; these will be filled with a white 
silvery looking substance, which must be detached with a feather. 
This is white oxid of antimony. 

If this or the former oxid be exposed to a more violent heat, 
it fuses into a transparent vitreous mass, which varies in colour 
from a faint yellow to a dark red hyacinth, or orange colour. 
This is called vitreous oxid of antimony, or glass of antimony. 

To ascertain if the fusion be perfect, immerse an iron rod 
into it, and, when taken out, examine the substance which ad- 
heres to it: if it be transparent, and can be easily drawn into a 
fine thread like common glass, the fusion is compleat; then 
remove the crucible from the fire and pour out its contents on a 
heated plate of copper. 

All these products are imperfect oxids of antimony. 

When nitrate of potash is decomposed by antimony the result 
is acombination, known under the name of diaphoretic antimony, 
which is a more perfect oxid than the former. 


Experiment II. 
Preparation of perfect oxid of antimony. 


Let equal parts of nitrate of potash, and sulphuret of antimony, 
be intimately blended together, project the mixture, by small 
quantities, into a crucible brought to a red-heat; on every 
addition of the mixture a detonation will take place. When the. 
whole has been thrown into the crucible, expose it to a heat 
sufficient to bring the matter into a state of fusion: then take 
the crucible from the fire, and having suffered it to cool, separate 
the scoriae from the oxid of antimony, which will be found in 
the form of a brown opake mass. 

Remarks. Native, or crude antimony, as it is called, and 
which is obtained by the smelting of different antimonial ores, 
has the same nature and properties as the factitious sulphuret of 
antimony, 
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When this substance is prepared in pharmacy, the native sul- 
phuret is generally used. In this case a larger quantity of nitrate 
of potash is required to be added, as for example, three parts to 
one of the mineral, in order that all the sulphur, as well as the 
metal to which it is united, may be completely oxidated. The 
reason why the ore is preferred in this process is, that the sul- 
phur renders the detonation more rapid, and singularly facilitates 
the combination of the antimony. 

If the mixture is not brought to fusion, only vitreous scoriae 
will be obtained: the nitrate of potash, in this case, is not 
sufficient ta change all the sulphur of the native sulphuret, into 
sulphuric acid to oxidate the metal completely. This matter, 
when reduced to powder, and washed in water, forms crocus 
metallorum, which is only a semi-vitreous oxid of antimony, 
pulverized and separated from the saline matters which arise from 
the detonation of the nitrate of potash. 


Experiment III. 
Combination of antimony with phosphorus. 
(Phosphuret of antimony.) 


To obtain this substance, mix together equal parts of glacial 
acid of phosphorus and antimony, and one-eighth part of pow- 
dered charcoal; fuse the whole in a crucible, the result will be 
a white brittle metallic substance, having a lamellated fracture 
when broken, and at the fracture appear a number of small 
cubic facets. When melted it emits a green flame, and then 
sublimes in the form of a white powder. 

Phosphuret of antimony may also be obtained by projecting 
phosphorus on red-hot antimony. Care must be taken to remove 
the crucible from the fire as soon as the last portions of the phos- 
phorus have been added; without this precaution nearly all the 
phosphorus would be volatilized. 
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EXPERIMENT IV. 
Combination of antimony with sulphur. 
(Sulphuret of antimony.) 


To procure sulphuret of antimony, pulverize equal parts of 
sulphur and antimony; put the mixture into a crucible, cover it 
and expose it to a heat sufficient to make the crucible slightly 
red; when the matters are fused, take the crucible from the fire, 
suffer it to cool, and the contents will be found to be a brilliant 
radiated mass of a lead or slate-grey colour. 


EXPERIMENT V. 


Preparations of hidrogenated hidro-sulphuret of antimony. 


Into a boiling ley of pure potash dissolved in about three or 
four times its weight of water, throw sulphuret of antimony 
equal to a sixteenth of the alcali employed. Stir the mixture 
well, and after it has boiled a little, filter it. On cooling, this 
liquor wili deposit an abundant precipitate, which must be wash- 
ed, first with cold, and afterwards with boiling water, until it 
becomes insipid: when dry, pulverize it and sift it through a 
silk'sieve. Or, 

Boil ten or twelve parts of pure liquid alcali with two parts of 
sulphuret of antimony; keep the mixture ina state of ebullition 
for half an hour, then filter it, and on. cooling a precipitate will 
be obtained. Digest the alcali again over more sulphuret until 
it is exhausted. Wash and dry the product as before. 

To these processes, we shall add that of Deyeux. Chemists 
and those who prepare medicines of this kind on a large scale, 
will no doubt see the details he has communicated, with. plea- 
sure. 3 

Take carbonate of potash, one part; sulphuret of antimony, 
pounded small, four parts; river water, filtered, eight parts. 
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Boil the whole in a very clean iron vessel for a quarter of an 
hour; then take out a small quantity of the liquor with an iron 
spoon, and if, as the liquor cools, it becomes turbid, and forms 
a reddish deposit, it contains kermes in solution. Should the 
contrary be the case, continue the ebullition till the above phe- 
nomena are manifested; then pour the boiling liquor on a filter 
of paper, placed on a piece of pretty thick cloth: the liquor will 
pass exceedingly clear; but as it reaches the bottom of the jar 
placed to receive it, it becomes turbid ae deposits an abundant 
precipitate. 

During the filtration of the liquor, carbonate of potash and 
water, each equal in quantity to that first employed, are to be 
added to the sulphuret which remains in the iron vessel and boil- 
ed.as before. This operation is to be repeated four times, and 
the liquor obtained from each is to be filtered separately. 

During the fourth operation, the filtered liquors of the two 
first will have deposited the kermes they contained.. They must 
be carefully decanted, and the liquors boiled again with the sul- 
phuret of antimony, which has remained in the iron vessel. 

The same method must be observed with the liquors of the 
third and fourth operation, and so repeated until the whole of” 
the kermes has been obtained; but as the water and alcali de- 
crease as the operations are repeated, care must be taken to add, 
from time to time, a solution of carbonate of potash, observing 
that the quantity be not too great, otherwise the kermes will re- 
main in solution in the liquor and not be deposited on cooling. 

Care must also be taken to renew the paper filters frequently, 
as their pores speedily become closed. Each time they are 
changed the matter deposited upon them must be returned into 
the boiler. 

The kermes deposited in the jats during each operation, must 
be put into a separate vessel, and suffered to remain there till the 
requisite quantity is obtained; it must then be freed from the a 
cali with which it is still moistened and dried. 


pe 
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For this purpose, after having carefully decanted the super- 
natant fluid; wash the precipitate in a large quantity of river- 
water, which should be filtered and as cold as possible; suffer it 
to settle and decant it; and repeat the washing until the decanted 
liquor has no alcaline taste. 

The precipitate collected at the bottom of the ssat water must 
be thrown on several paper filters, placed either in funnels or 
over pieces of cloth, in such a manner that the matter on each 
filter may be about two inches in thickness. As the moisture 
drains off, the kermes shrink, crack and acquire a consistence. 
A small quantity of it must be taken from time to time to ex- 
amine what state it is in, and when, by touching it with a spa- 
tula, it begins to divide itself without daubing, put it between 
two leaves of paper, and having wrapped it in a linen cloth, put 
it under a press, and then suffer it to dry in a very moderate 
temperature, 

Remark...This process is indeed longer and more tedious than 
the former, but it yields a product of a beautiful colour; and 
whose medicinal effects never vary. 

A product of the same nature is that formerly called sulphur 
of antimony, but now hidrogenated sulphurated oxid of an- 
timony. 


ExPeRiMENT VI. 
Preparation of hidrogenated sulphurated oxid of antimony. 


This product may be. obtained by letting fall, either nitric, 
sulphuric, or muriatic acid into the liquor in which the hidroge- 
nated hidro-sulphuret of antimony has been formed, and from 
which it has been entirely separated by cooling. This liquor be- 
comes again turbid .by the addition of the acid, and there is 
formed in it a second precipitate, which is a reddish-yellow, or 
orange coloured hidrogenated sulphurated oxid of antimony. If 
the liquor be filtered and more acid added, ‘another precipitate 
will ensue, but less coloured. 
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_ This oxid is however in general, more expeditiously obtained 
' by boiling two parts of sulphuret of antimiony, and three parts of — 
sulphur both reduced to fine powder, with a:sufficient quantity 
of water in an iron pot, filtering the liquor and precipitating it 
with diluted sulphuric acid. The proarct obtained contains about 

75 parts of sulphur in 100. - 
Ratronare...All these processes consist in uniting, in a more 
or less direct manner, the oxid of antimony with sulphurated hi- 
drogen. It is, as Fourcroy has observed, the uniform effect 
which is produced by all the alcalies, whether they are employed 
hot or cold, with sulphuret of antimony 5 they first oxidate the 
metal, and form .with the sulphur a sulphuret charged with hi- 
drogen; this unites with the oxid of the metal which remains in . 
‘solution. The alcaline sulphuret precipitated afterwards by an 
acid, in the form of an orange-coloured powder, is in reality 
nothing but an oxid of antimony, surcharged with sulphurated 
hidrogen and sulphur. | 

The principal difference between this preparation and the 
former consists in this, that the first contains sulphurated oxid 
| of antimony in addition to the hidro-sulphuret of antimony of 
the latter. In aword, there is no reason to doubt that it is to 
_ the sulphurated hidrogen in the mineral kermes, that this medi- 
cine is indebted for the virtues by which it is characterized. | 
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EXPERIMENT VII, 
Antimony decomposes oxigenated muriate of mercury. 


Mix intimately one part of antimony with two of oxigenated : 


_ muriate of mercury, and introduce the mixture into a glass re- 


tort with a wide aperture, leaving about one-third of it empty. 

Place the retort on a sand-bath, in a reverberating furnace; ad- 

just to the retort a receiver whose capacity is two-thirds less than 

that of the retort, and proceed to distillation with a gentle heat. 

During the first half hour there i over a clear white liquor, 
Wot: itv E 
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followed by another which becomes fixed into a white mass in 


the receiver; this is what. is called oxigenated muriate of anti- 
mony, formerly termed, from its consistence, butter of anti- 
mony. As this substance often choaks up the neck of the retort, 
a burning coal must be applied, to melt it, and make it pass into 
the receiver. The distillation is to be continued till nothing 
more passes over, after which the vessels are suffered to cool; 
and the receiver, being unluted, is exposed to’a gentle heat, 
above a chafing dish to liquefy the oxigenated muriate of an- 
timony. i 

The properties of this compound are the following: It is ex- 
ceedingly caustic and instantly destroys the organs of the body. 


It burns vegetable matters. It fuses by a low degree of heat, 


and becomes fixed on cooling. It readily loses its whiteness. It 
is alterable by light. It strongly attracts the moisture of the’ at- 
. mosphere, and resolves itself into a thick, and as it were, olea- 
ginous fluid. It crystallizes in very large parallelopipeda. It is 
very difficult to keep it in a solid state. It has the property also 
of being partly soluble, in water, and of ane decomposed, 
in a great measure, by that fluid. 

When it is thrown into distilled water, a white oxid of anti- 
mony is very abundantly precipitated. This powder, when 
washed several times in a large quantity of ‘boiling water, and 
then dried, was formerly called Algaroth’s powder. 

Ratronate...In this operation, the antimony robs the oxige- 
- nated muriate of mercury of part of its oxigen, and becomes 
oxidated; it then unites to most of the acid, with which it 
forms oxigenated muriate of antimony. If the distillation be 
continued ‘after the oxigenated muriate of antimony has passed, 
fluid mercury will be obtained. Oxigen is therefore more 
- strongly attracted by antimony than by mercury. 

If sulphuret of antimony be exposed to distillation with oxige- 
nated muriate of mercury; oxigenated muriate of antimony and 
red sulphuret of mercury (cinnalar) will be obtained. Upon this 
is founded the following PE OCOM 
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' Expgrriment VIII. 
Preparation of cinnabar of untimony. 


Pulverize one part of sulphuret of antimony and three of ‘oxi- 
genated muriate of mercury, according to Baumé ; but accord- 
ing to Fourcroy, one part of the former to two of the latter, mix 
thesé substances and proceed in othér respects as in the preced- 
_ ing operation, When the distillation is finished, adapt ano- 
ther receiver to the retort and sublime the residuum with a 
strong heat. A substance will be obtained in the form of red 
needles called cinnabar of antimony. 

This is. the effect of a double affinity. The ralphiret of anti- 
mony~exchanges its sulphur for the acid given up by the oxige- 
nated muriate of mercury. | i 

The combination of antimony with other metals is not attend- 
ed with any sere 


‘ 


ANALYSIS OF ORES OF ANTIMONY. 


These ores may be analyzed by Aiedstitig by heat one part of 
the ore, reduced to a finé powder, in four parts of nitro-mu- 
riatic acid, composed of three or four of muriatic acid, and 
one of nitric acid. The sulphur contained in the ore will re- 
main behind untouched. On filtering the solution, the antimony 
must be disengaged by the meré admixture of water, and may 
be collected on a filter. To reduce it to the metallic state let it 
be mixed with double its weight of charcoal and fuse it in: a cru- 
cible. The metal will then be found at the bottom. 

As lead and iron are sometimes present in these ores they | 
may be detected by letting fall into the last solution from which 
the antimony has been separated, a few drops of sulphuric acid; 
if lead be present a white precipitate will ensue. If iron be pre- 
sent a yellowish-brown precipitate _— take place on adding 
liquid ammonia to the myigehceh 
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‘TELLURIUM. 


PART XLVI. 
Pe | 


NATURAL HISTORY OF TELLURIUM. 


‘Tus is a new metal discovered by Klaproth, in the year 
1797. It is found in three different ' ores, namely, 1.-In the 
white gold ore of Fatzebdy, formerly named aurum paradoxum, 
found in the mine called Maria-hilf, in the mountains of 
Fatzebay, in Transylvania. In this ore Tellurium exists alloyed 


with gold and iron. Its colour is between tin-white and lead- . 


grey... It isin general found massive. The texture of this ore 
‘is granular, and its lustre considerably metallic. 2. In the 
graphic gold ore (aurum graphicum) of Offenbanya, it is alloyed 
with gold and silver. This ore is composed of flat prismatic 
crystais, the arrangement of which has some resemblance to 
Turkish letters, hence the name of the ore. It has a metallic 
lustre, and a tin-white colour, with a tinge of brass-yellow. 
3. It exists also in the ore known under the name of the 


yellow -foliated gold ore of Nagyag; alloyed with gold, lead, 
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silver, copper, and sulphur. This ore is found in plates of 
different degrees of thickness. Its colour is of a deep lead-grey, 
passing to iron-black. It has a considerable metallic lustre, and 
stains the fingers, ; | 
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The colour of tellurium is white, like that of tin, but inclining 
to a leaden grey. It has a considerable metallic lustre. . Its 
texture is lamellated, like antimony. It is exceedingly brittle 
and friable. If it be fused, and suffered to cool gradually, 
undisturbed, it readily assumes a crystallized surface. Its 
specific gravity is 6.115. Itis one of the most fusible metals, 
- melting as easily as tin. Heated with the blow-pipe, it burns 
with a brilliant blue flame, greenish at the edges; and is so 
volatile as to. rise totally in grey whitish fumes, emitting a- 
disagreeable odour, approaching to that of radishes. It forms, 
with sulphur, a grey radiated sulphuret, and alloys very well 
with mercury. It is soluble in the nitric and nitro-muriatic 
acids ; the latter solution is decomposable by water. It is 
likewise soluble in boiling concentrated sulphuric acid. The 
solution acquires a fine red colour, which is lost either by 
heating it, or by the addition of water. 

These are the principal physical properties of this metal. 


METHOD OF OBTAINING TELLURIUM. 


Tellurium is obtained according to Klaproth, by forming oxid 
of tellurium into a paste, with a few drops of linseed oil, and 
then putting it into a small glass retort, or crucible. As the oil 
becomes decomposed, brilliant and metallic drops are observed 
on the upper part of the vessel, which iricrease in number until 
the oxid is revived. | ; 
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The process for obtaining oxid of tellurium may be seen in 
the following 


ANALYSIS OF ORES OF TELLURIUM. 


Let the white gold ore be gently heated with six parts of 
muriatic acid; three parts of the nitric being then added, 
the mixture is boiled, upon which there arises a considerable 
effervescence, and a complete solution is obtained. The filtered 
solution must ‘be diluted with as much water as it can bear 
without becoming turbid, which is a very small quantity, and 
a solution of potash is then to be added to the liquor, ‘until the 
white precipitate, which is at first formed, disappears, and nothing 


remains but a brown flaky sediment, which is the oxid of gold — 


mixed with the oxid of iron contained in the ore. This may 
be dissolved. in nitro-muriatic acid, and the gold be precipitated 


by a solution of nitrate of mercury, and then the iron by potash. © 
Muriatic acid is then added to the before obtained alcaline solu- - 


tion, in sufficient quantity to saturate the potash. An excess of 
the acid must be avoided. A white precipitate is thus produced 
in great abundance. This, when washed, is the oxid of tellurium, 
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Class II]....PARTLY DUCTILE AND OXIDABLE METALS. 


MERCURY. 


DART XEVIL: © 


SECT. I. 


NATURAL HISTORY OF MERCURY. 


Mercury is found-in five different states in nature ; it is 
found native, (nutwe mercury,) adhering in small globules to 
the surface of cinnabar ores, or scattered through the crevices, 
or over the surfaces of different kinds of stones. It is found 
united to silver, in the ore called amalgam of silver, or native 
amalgam. ‘This ore exhibits thin plates, or grains; it sometimes 
crystallizes in cubes, parallelopipeda, or pyramids, Its colour is 
of a silver-white, or grey; its lustre is considerably metallic. 
‘Combined with sulphur i it constitutes native cinnabar, or sulphuret 
of mercury. This ore is the most ‘common, It is frequently 
found in veins, and sometimes crystallized in tetrahedra, or 
three-sided pyramids, Its colour is red. Its streak metallic. 
| E4 . 
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Mercury, united either to muriatic, or sulphuric acid, forms the 
ore called horn quicksilver, or corneous mercury. These ores 
are, in general, ‘semi-transparent, of a grey or white colour, 
sometimes crystallized, but more frequently in grains. United 
to oxigen it constitutes the ore called native oxid of mercury. 
Mercurial ores particularly abound in Spain, aay China, 


RS and South America, 


PROPERTIES OF MERCURY. 


Mercury, or quicksilver, is the only one of the metals that 
remains fluid at the ordinary temperature of the atmosphere, -but 
when its temperature is reduced to — 40° Fahr. it assumes a solid 
form. This’ is a degree of cold, however, that only occurs in 
high northern latitudes, and, in our climate, mercury cannot be 
exhibited in a solid state, but by means of artificial cold. -When 
rendered solid it possesses both ductility and malleability.- It cry- 
stallizes in octahedra, and contracts strongly during congelation. 
It is divisible into very small globules. It presents a convex 
appearance in vessels to which it has little attraction, (page 29), 
but is concave in those to which it does adhere. It becomes 
electric and phosphorescent by rubbing upon glass, and by agi- 
tationin a vacuum. It is avery good conductor of caloric, of 
electricity, and of galvanism. The specific gravity of mercury is 
13.563. -Although fluid, its opacity is equal to that of any other 
metal, and its surface, when clean, has considerable lustre. Its 
colour is white, similar to silver. Exposed to the temperature 
_ of 600° Fahr. it is yolatilized. When agitated in the air, especially 
in contact with viscous fluids, it becomes converted into a black 
oxid. Ata temperature nearly the same as that at which it boils, 
it absorbs about 14 or 16 per cent. of oxigen, and then becomes 
changed into a red crystallizable oxid, which is spontaneously 
reducible by caloric and light at a higher temperature. The 
greater number of the acids’ act upon mercury, or aré at least — 
capable of combining with its oxids, It combines with sulphur 
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by trituration, but more intimately by heat. It is acted on by 
the alcaline sulphurets. It combines with many of the metals; 
these compounds are brittle, or soft, when the mercury is in 
large proportion. There is a slight union between mercury and 
phosphorus. It does not unite with carbon or the earths, _ 


METHOD OF OBTAINING MERCURY. 


Mercury may be obtained pure by decomposing cinnabar, by 
means of iron filings. For that purpose take two parts of red 
sulphuret of mercury (cinnabar) reduce it to powder, and mix 
it with one of iron filings, put the mixture.into a stone retort, 
- direct the neck of it into a bottle, or receiver, filled with water, 
and apply heat. The mercury will then be obtained in a state 
of purity.. | 

~ Rarionace...Sulphuret of mercury consists of sulphur and 
mercury; if this be heated in. contact with iron, the sulphur quits 
‘the mercury and unites to the iron, and the mercury becomes 
disengaged; the residue in the retort is a sulphuret of iron. 


A 
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SECT. II. 


EXPERIMENTAL PROOFS oa 
OF 
THE PROPERTIES OF MERCURY. 
en 


EXxperRIMeEntT I. 


Mercury is volatilized, or may be converted into vapour 
: by heat. ; 


Tus method is employed with’ advantage for purifying mer- _ 
cury, by separating it from substances more fixed than itself, 

For this purpose put mercury into a retort, and adapt to its 
beak a small bundle of tow, or lint, adjust a matrass containing 
_ water to the retort, and proceed to distillation. When the mer- 
cury is pure it passes over entirely: if it contains foreign matters, 
they are left at the bottom of the retort. , Sometimes it leaves a 
little grey powder, which is situa paidated by the air contained 
in the vessels, 


ayaa Tf. 
Mercury combines with sulphur. 


Put into a stone mortar one part of mercury, and three of sul- 
_ phur reduced to a fine powder; triturate them together, and 
moisten the mixture with a little water until the mercury per- 
fectly cea npEa: the result wit be a black Bar erouret of 


mercury. 
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, EXPERIMENT III. 
Preparation of cinnabar, or red sulphuret of msercnry. 


This is a more : intimate combination of sulphur with mercury 
than the former, and is prepared i in the following manner. Melt 
in a crucible one part of pounded sulphur, and add to it four of 
mercury, stir the mixture in order to assist the union of the sub- 
stances. When they begin to combine, the mixture takes fire 
spontaneously ; quench the flame by covering the crucible, and 
having suffered the matter to cool, pulverize it in a marble 
mortar. 
. Put the powder resulting from it, hie is of a violet colour, 
into a Florence flask, place it on a sand-bath, and proceed to 
sublimation, by exposing the vessel to a gradually increasing 
heat till the bottom of the crucible becomes red, and main+ 
tain it in that state for some time, suffer the vessel to cool, and 
having broken it, separate the cinnabar which has sublimed. 


Mr. Kirchoff has made us acquainted with another method of 
obtaining cinnabar, more simple and elegant than the former, 
which is as foliowa: , 


EXPERIMENT IV. 


Let 300 grains of mercury, and 68 of sulphur, with a few 
drops of a solution of potash to moisten them, be triturated in a 
Wedgwood’s, or glass mortar, until it be converted into a black 
powder. Add to this 160° grains of potash, dissolved in as 
’ much water. Heat. the vessel containing the ingredients over 
_ the flame of a candle, and continue the trituration without inter- 

ruption during the heating. As the liquid evaporates, add wate1 
from time to time, so that the black oxid may be constantly 
covered, to the depth of an inch. The trituration must be con- 
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tinued until the mixture begins to change from its original black 
colour to a brown, which usually happens -when a large part of 
the fluid is evaporated; it then passes very rapidly to ared. . No 
‘more water is now to be added, but the trituration is to be con 
tinued. When the mass has acquired the consistence of a jelly, 
the colour increases in brightness, with an incredible degree of 
quickness. The instant it has acquired its utmost beauty, the 
heat must be withdrawn, otherwise its brilliancy will be impaired, 
and the red will pass to a brown colour. This red powder is 
also sulphuret of mercury or cinnabar. | gs ae 

Remarks...Until lately cinnabar was considered to be a com-— 
_ pound of the red oxid of mercury and sulphur, but Mr. Proust 
has shown that it is composed of about 15 parts of sulphur, and 
85 of mercury, and that it differs from the preceding preparation 
in not containing hidrogen. } hee 

‘Count de Moussin Pouschin has discovered that its passing to 
a brown colour may be prevented by taking it from the fire as 
soon as it has acquired a tolerable red colour, and placing it for 
two or three days in a gentle heat, taking care to add a few drops 
of water, and to agitate the mixture fromtime to time. During: 
this exposure the red colour gradually improves, and at last 
becomes excellent. He discovered also that, when the sulphuret 
is exposed to a strong heat, it becomes instantly brown, and then 
passes to a dark violet; when taken from the fire it acquires a 
beautiful carmine red. | 
ry 4 


EXPERIMENT V.° 


Preparation of phosphuret of mercury. 


Put into a Florence flask equal parts of. red oxid of mercury, © 
and phosphorus; add one part of water, and place the flask 
on a-sand-bath, taking care to shake, it frequently, and not to 
remove it from the bath too early ; it will soon become blackish, 
and in that state the mercury remains united to the phosphorus. 


PROOFS OF THE PROPERTIES OF MERCURY. 77. 


The water becomes sensibly acid from. the | rssatibn of phos- 
phoric acid. . ; | 
Ratrowats...In this experiment the oxigen of the oxid of 
mercury quits that metal to join a portion of the phosphorus, 
which it converts into phosphoric acid; the mercury, thus de- 
prived of its oxigen, and greatly divided, unites with the remainder 
of the phosphorus, and forms a peculiar combination, in which 
phosphorus predominates. The product becomes soft in boiling 


water, and regains its consistence when the water ceases to be 
warm. 


EXPERIMENT VI. 


Mercury decomposes sulphuric acid. 


Put into a glass retort two parts of mercury, and three of con- ) 


centrated sulphuric acid; convey the neck of the retort under a 
receiver in the pneumatic apparatus, and expose the mixture to 
heat; a strong effervescence is gradually excited, the surface of 


the mercury becomes white, and a powder of the same colour is _ 


separated, which renders the acid turbid by dispersing itself 
through it. 

-In this operation a great deal of sulphureous acid gas is dis- 
engaged. (See page 319). 

If the heat be continued until no more gas issues from the 
retort, a white opaque mass will be obtained, which is exceed- 
ingly caustic, and attracts the moisture of the atmosphere, This 

mass is an oxi-sulphate of mercury. When water is poured 
upon it part of the acid is separated, and the salt assumes the 
form of a yellow powder, formerly called turpeth mineral. 


The white saline mass is-of various natures and properties,. 


according as a’greater or less quantity of acid has been used, and 


according to the length of time the heat has been applied. As. 


bic be seen in the ira tat experiment. 
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EXPERIMENT VIL. 


Preparation of sulphates of mercury. 


/ 


Let two parts of mercury be boiled in a retort, with three of 


concentrated sulphuric acid, interrupt the operation as soon as 
the mercury has been converted into a white mass, After refri- 
geration decant the fluid from this mass, and wash it in a little 


cold distilled water. This saline compound is a super-sulphate 


of mercury. 
If this super-sulphate of mercury be repeatedly washed in cold 


distilled water, until the water which is decanted ceases to red- 
den litmus paper, there remains behind a white mass, which is a 


sulphate of mercury. 
EXPERIMENT VIII, 


Mercury is not acted on Ly muriatic acid alone, but may be 
— “combined with it Ly double affinity. 


Let equal parts of dry sulphate of mercury, and dry muriate 
of seda, be accurately mingled by trituration in a stone mortar ; 
put the mass into a glass retort, and heat it on a sand-bath. A 


white salt will sublime in the shoulder of the retort, which is 


commonly called corrosive sublimate of mercury. 
Ratronare...In this process the*sulphuric acid of the oxid 


unites to the soda of the common salt, and the muriatic acid of . 


the latter combines with the mercurial oxid, and forms a new 


compound, 


Experiment IX, 


Preparation of mild muriate of mercury. 


If four parts of corrosive rouriate of mercyry be well mingled 


by trituration with three of fluid mercury, they assume the form 
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of a grey powder. If this powder be sublimed in a sand-heat, | 
either from an ordinary phial placed in a crucible-bath for small 
experiments, or from a bolthead in the large way, a white 
crystalline sublimate is obtained, which must be carefully sepa- 
rated from the unsublimed grey powder and running mercury. 
The product thus obtained is a combination of a very imperfect 
~ oxid of mercury with muriatic acid, called mild muriate of mer- 
cury, (calomel, or mercurius dulcis.) 

~ Ratronate...Mild muriate of mercury, or calomel, prepared 
by the above process, is produced in the following manner: 
The fluid mercury deprives the perfect oxid, which is combined 
with muriatic acid in the corrosive sublimate, of part of its oxigen; 
in other words, it is oxidated at the expence of that oxid. Both 
the perfect oxid, and the mercury, are thus changed into an im- 
perfect mercurial oxid, which the muriatic acid is capable of 
saturating, notwithstanding the quantity of the oxid has been 
augmented. ‘The redundant imperfect oxid, and also the redun- 
dant fluid mercury, are separated from the mild: muriate by its 
sublimation. ’- 


EXPERIMENT X.. 
Mercury decomposes nitric acid with great rapidity. 


" When diluted nitric acid is poured upon mercury, a violent 
action takes place, and nitrous gas is disengaged, the metal is 
gradually oxidated, and dissolved in that portion of the acid which 
remains undecomposed. If the solution be evaporated it yields 
crystals, which are nitrate of mercury. 

Remarx...When a concentrated acid is made to act upon 
mercury, or if the action be assisted by heat, the metal combines. 
with a greater portion of oxigen, anda white precipitate falls 
down, which is an oxi-nitrate of mercury. r “si 
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Experiment XI. 
Preparation of red nitrated oxid of mercury.- . 


For this purpose let the nitrate of mercury obtained in the last 
experiment be pulverized in a glass mortar, and put into one or 
more matrasses placed on a sand-bath; the vessels are then to 
be gradually heated until the contents become of a yellow colour 
at the surface; suffer them to cool, and the matter they contain 
will be found in strata of different colours. The lower part is 


of a bright red colour, and the upper of an orange yellow. The 


mass, when pulverized, is red oxid of mercury. 
Experiment XII. 
Adexpury readily unites to gold, silver, copper, Sc. 


This may be evinced by rubbing a little mercury on a gold, 
silver, or copper.coin. Or, the combination may be facilitated 
by igniting the coin, and in that state conveying it into hot mer- 
cury. The mercury may be again expelled. by heat. 


EXPERIMENT XIII." 


Mercury is not oxidated at ordinary temperatures; but when its 
temperature is raised nearly to that at which it boils, it com- 


bines with oxigen. 


Put into a flat bottomed matrass with a Jong narrow neck, as 
much mercury as is sufficient to cover the bottom of. it to the 
height of a line or two; fuse the neck of the vessel by means of 
a blow-pipe, draw it out to a fine point, and form it into a 


capillary tube: instead of breaking the point to afford access to. 


the external air, it is better to pierce the bulb of the matrass at 
’ the centre, and adjust to’ the hole a bent tube immersed in 
atmospheric air, in such a manner that the air may be renewed 


“* 
Cc 
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rnuch easier, and enter in greater quantity, which facilitates the 
operation. Place the apparatus in a sand-bath, expose it to-heat 
till the mercury boils, and maintain the fire. at the same degree 
for several days. The oxid formed at the surface'of the mercury 
_ is separated by means of a piece of linen cloth which is pressed. 
The mercury passes through it, while the oxid remains behind ; 
and this operation must be continued till the mercury is com- 
pletely oxidated. , ' ; ' 

This substance has been called mercury precipitated per se, 
or red precipitate of mercury without addition: it is a real oxid 
of mercury or a combination of this metal with oxigen, which it 
gradually takes from the atmosphere. It contains about 7 per 
cent. of oxigen. 


ExpPeRiMentT XIV. 
of reglekes of. yusninaeng ‘erh.ng 


It has lately - EH didebbenda by Mr. Howard, that mercury, 
and most, if not all of its oxids, may, by treatment with nitric acid — 
and alcohol, ‘be converted into a whitish crystallized powder, 
possessing all the inflammable properties of gun-powder, as well 
" as many peculiar to itself. It is obtained in the following manner. 
One hundred grains (or a greater proportional quantity, not 

exceeding 500) are to be dissolved, with heat, in a measured 
“ounce and a half of nitric acid. This solution being poured cold 
upon two measured ounces of alcohol, previously introduced into 
any convenient glass vessel, a moderate heat is to be applied till 
effervescence is excited. A white fume then begins to undulate 
on the surface of the liquor, and the powder will be gradually 
precipitated on the cessation of action and re-action. The preci- 
pitate is to be immediately collected on a filter, well washed 
_ with distilled water, and cautiously dried in a heat’ not exceed- 
ing that of a water-bath. The immediate washing of the powder 
is material, because it is liable to the ye-action of the nitric acid ; 

: F 
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and while any of the acid adheres to it, it is very subject to the 
action of light. From 100 grains cf mercury about 120 or 130 
* of the powder are obtained.* ; 

This powder, when struck on an anvil with a hammer, ex- 
plodes with a stunning disagreeable report; and with such force 
as to indent both the hammer and the anvil. Three or five 
grains are as much as ought to be used for such experiments. 

The shock of an electric battery sent through it produces a 
very similai effect. - . ; 

A quantity of it sufficient to discharge a bullet from a gun, © 

with a greater force than an ordinary charge of gunpowder; 
glways bursts the piece. | : 
_ From a series of well conducted experiments Mr. Howard 
~ concludes that this preparation consists of oxid of mercury, oxalic 
acid, and nitrous etherized gas. Its detonation is owing to the 
sudden combination of the oxigen with the carbon and hidrogen 
of these substances, forming aqueous vapour and carbonic acid ; 
and disengaging nitrogen gas; while at the same time so much 
caloric is suddenly liberated that the elasticity of the gases is hot 
only encreased, but the thercury is instantaneously converted 
into vapour. 3G | 


EXPERIMENT XV. 
Congelation of mercury. 


The freezing of mercury was, until lately, a difficult experi- 
ment. We are indebted to Mr. Pepys for an easy method of 
effecting this. This gentleman, with the assistance of some 
friends, froze, in the winter of 1799, 56lb. of mercury into a 
solid and malleable mass,: The process was as follows. 


* Philosoph. Trans, 1800, p. 214. - 


\ > 


| 1 
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The mercury was put into a sites bladder, and well secured 
at the mouth. 

The temperature of the laboratory at the time being + 33°. 
‘A mixture, consisting of muriate.of lime, 2lb. at 4- 33°, and the — 
same weight of snow at ++ 32°. gave a degree of cold — 42°. 
The mercury was put as gently as possible into this mixture, (to 
prevent a rupture of the bladder), by means of a cloth held at 
the four corners. When the cold mixture had robbed the mer- 
cury of so much of its heat, as to have. its own temperature 
thereby raised from — 42°, to + 5°, another mixture, in every 
respect the same as the last was made, which gave, on trial with 
a spirit-thermometer — 43°. The mercury was now received 
into the cloth, and put gently into this new’ mixture, where it 
was left to be cooled still lower than before. 

In the mean time five pounds of muriate of lime, ina large 
pail made of tinned iron, and japanned inside and outside, was 
‘placed in a-cooling’ mixture in an €arthen-ware pan. The mix- 
tute in the pan, which consisted of 4lb. of muriaté of lime; and 
a like quantity of snow of the same temperature as the former, 
in one hour reduced the 5lb. of muriate in the pail to— 15°. 
The mixture was then emptied out of the earthen-pan, and four 
large corks, at proper distances, placed on its bottom to sérve as 
rests for the japanned pail, which was now put into the pan. 
The corks answered the purpose of insulating the inner vessel, 
while the external one kept off the surrounding atmosphere, and 
preserved the air between the two at a low tempeyattire. 

To the 5lb. of muriate of lime which had been cooled as 
already. noticed, to 15°, and which still remained in the me- 
~~ tallic vessel, was now added snow, uncompressed and free from 
moisture, at the temperature of 32°. In less than three minutes. 
it gave a temperature of — 62°, a degree of cold which was never 
-produced before in this ety, being “ists below the freezing 
point of water. 

The mercury which, by ee immersion in the second cooling 
mixture to which it was exposed, was by this time, reduced to. 
. F2 
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~ 30°, was now, by the means employed before, cautiously put 
into the last made mixture of the temperature of + 62°). A 
~ hoop; with net-work fastened to its upper edge, and of such a 
breadth in the rim, that the net-work, when loaded with. the 
bladder of mercury, could not reach its lower edge, was at the 


bottom of the mixture to prevent the bladder from coming in 


contact with the vessel; by which means the mercury was sus- 
pended in the middle of the mixture. As soon as the bladder 
was safely deposited on the net-work, the vessels were carefully 


covered over with a cloth to impede:the passage of heat from 


the surrounding atmosphere into the freezing materials. The 
condensation of moisture from the atmosphere, by the agency 
‘of solowa temperature was greater than could have been expected. 
It floated like steam over the vessels, and but for the interposed 
_ covering, would have given the mixture more tompen tate than 
was desirable. CN 

After one hour and forty minutes they found, by means of a 
searcher introduced for the purpose, that the mercury was solid 
and fixed. ‘The temperature of the mixture at this time was 
—46°, that is 16° higher than when the mercury was put into it. 
As they had neglected to sling the hoop and net-work in such a 
manner as might have enabled them to lift it out of the mixture 
at once with the bladder and its contents, it was therefore neces- 
sary to turn out the whole contents of the pail into a large evapo- 
rating capsule made of iron. This was not effected without the 
mercury striking against its bottom and being fractured, though 
it received a considerable increase of temperature from the cap- 
‘sule. The fracture was similar to that of zinc, but with parts 
more cubical. . 

The large pieces were kept for some minutes before fusion 
took place, while others were twisted and bent into various forms, 


to the no small gratification and surprize of those who’had never 


witnessed, | or expected to see such an effect pradnecd on so 
fusible a metal. 


i. 
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Remark,,,In experiments of this kind all the exterior vessels 
should be of earthen-ware, glass, or wood, which being bad 
conductors of heat, prevent the ingredients from receiving it 
from the atmosphere, and surrounding objects, with the same 
facility that they would through metals ; and for a similar reason 
the interior vessels should be of metal, that they may allow the 
heat to pass more readily from the substance to be cooled into 
the frigorific mixture. employed for that'purpose. If this be 
attended to, asmall quantity of mercury (2 to 4 oz.) may easily be 
frozen by means of the above mixture, in a pewter pint-pot - 
placed in a bason. | 


_ ANALYSIS OF ORES OF MERCURY, 


Ores of mercury are best analyzed by distilling them in a 
- strong heat, and adapting a receiver half filled with water. The 


- native cinnabar is decomposed by distilling it with one part of - - 


lime or iron filings, to three of the ore. 


F3 
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ZINC. — 


“PART XLVI 


oe SECT. I. 


NATURAL HISTORY OF ZINC, 


ee —— 


‘s 


Zan C is found in nature combined with oxigen, carbonic acid, 
and sulphuric acid; and mineralized by sulphur. Native oxid of 
* zinc is commonly called calamine. It occurs in a loose, and in 
a compact form, amorphous, of a white, grey, yellow, or brown 
colour, without lustre or transparency. Combined with carbonic 
acid, it is called vitreous xinc ore, or native carbonate of zinc. It 
is found in solid masses, sometimes in six-sided compressed 
prisms, both ends being covered with pentagons. Its colour is 
generally greyish inclining to black. It is often transparent. 
Sulphate of zinc is found efflorescent in the form of stalac- 
tites; or in rhombs. Sulphuret of xinc, or blende, is the most 
abundant ore. It is found of various‘ colours; brown, yellow, - 
hyacinth, black, &c. and with various degrees of lustre and 


\ 


“PROPERTIES OF ZINC, i 87 


transparency. This zinc ore is contaminated with iron, lead, 
argillaceous and siliceous earths, &c. It occurs both in amor- 
phous masses and crystallized in a diversity of polygonal figures. 


PROPERTIES OF ZINC. 


Zinc on its fracture appears of a shining white colour, with a 
bluish tint, It possesses some degree of ductility and may be 
extended when carefully passed between metallic cylinders in 
a flatting mill. Its specific gravity is’7.190. It melts at 700° 
Fahr. By a farther increase of heat it is volatilized without 
change. When melted in contact with the air, its surface be- 
comes covered with an imperfect oxid; when heated a little 
above ignition it burns with a bright yellowish white flame, 
, slightly tinged with green, and a white oxid is formed in light. 
' flakes, which are carried off by the rapid current of air in the 
burning metal. It undergoes very little alteration from. the air, 
its surface becomes slightly. tarnished. It is not acted:on by 
water at the usual temperature of our atmosphere ; but at that of 
ignition, it decomposes this fluid rapidly. It is oxidated and dis- 
solved by the greater number of the acids. It has a very strong 
attraction for oxigen, and therefore precipitates the greater num- 
ber of the metals from their acid solutions, All the alcalis when 
digested .or boiled with zinc blacken its surface and dissolve a 
minute portion | ‘of. tenoat decomposes muriate of ammonia, sul- 
phate of potash, and various other neutral salts. A mixture of 
nitrate of potash and zinc detonates with rapidity. Sulphur and 
zinc cannot be united by fusion, Gold, silver, platina, and 
nickel form brittle compounds with zinc, It easily unites with 
mercury and tin. It does not combine with lead or bismuth. 
The most frequent and at the same time most useful combination 
of zinc is that with copper. It unites with great difficulty to 
arsenic, iron, and cobalt. It inflames in oxigenated muriatic — 
acid gas, and fulminates by pressure or a blow with oxigenated — 
| a of potash, It is a very strong conductor of galvanism. 

F4 
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METHOD OF OBTAINING ZINC. 


In order to obtain zinc from its ores, they must first be tor- 
rified, and then mixt with half their weight of charcoal powder, 
and distilled in an earthen retort three quarters full, and to 
which a receiver is luted, in a strong heat, gradually increased | 
for some hours. The zinc in its metallic form is then found in 
the neck of the retort. In order to obtain the metal in a pure 
state dissolve it in diluted sulphuric acid, and boil the concen- 
trated solution for a few minutes upon granulated zinc. Then 
filter it, and precipitate it by soda. Collect the precipitate, wash 
“it, and when dry mix it with half its weight of charcoal-powder, 
and submit*it to a red heat in an earthen retort. Pure zine will 
then be found in the neck of the retort. - . 
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SECT. II. 


EXPERIMENTAL PROOFS 
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OF 


- THE PROPERTIES OF ZINC. 


EXPERIMENT [) 


Zine when exposed to a strong heat burns with a bright Slame 
and is volatilized. 


P LACE a large crucible on two bricks, in a good furnace; in- 
cline it, at an angle of 45°, and form before its aperture, a rest 
to support the cover, in 1 order that the crucible may be shut 
when necessary, 

Put zinc into the crucible, pe Fd it by keeping the crucible 
shut. When of a red heat, uncover it, and a very bright white 
flame will rise from the surface of the zine; flakes of exceeding- 
ly white and light matter, like cotton, will rise at the same time; 
this is white oxid of xinc. Remove the oxid with a long-handled 
iron spoon, and more oxid will be immediately formed, which 
must be remoyed in like manner, This operation is to be con- 
tinued till the whole of the zinc is converted into an oxid. 


- 
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EXPERIMENT II. 
Zinc unites with phosphorus by fusion. 


Put into an earthen retort two parts of filings of zinc and one 
of phosphorus, and having adapted a | receiver to the neck of the 
retort, proceed to distillation. 

The product will be a little phosphorus i in the receiver; the 
neck of the retort will contain, 1. zinc in a metallic form; 
2. a sublimation of a red efflorescence; 3. white oxid of zinc; _ 
4, a sublimation in needles, having a metallic appearance, with 
a slight tint of blue, and prismatic. Or, 

A phosphuret cf zinc may be obtained by projecting small 
pieces of phosphorus well dried, upon Zinc broken also into 
smal] pieces, and brought to a red-heat in a crucible. As the 
zinc enters into fusion project the phosphorus, ‘and at the same 
time small bits of resin, to prevent the oxidation of the zinc, . 
When the crucible is taken from the fire its contents will be a 
metallic’ substance, which i is phosphuret of zinc. 


ExrerimMentT III. 
Zinc decomposes nitric acid readily. 


Put granulated zine into a Florence flask, and pour over it 
weak nitric acid: a strong effervescence will take place, and ni- 
trous gas will be disengaged in a large quantity. 

The solution of nitrate of zinc has a yellow colour, and when 
newly made is “somewhat turbid, but becomes gradually trans- 
parent. 

By evaporation it furnishes crystals in tetrahedral prisms, ter- 
minated by pyramids of four faces, which are striated and attract 


moisture from tke air. 
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EXPERIMENT IV. 
Zinc Sas dni repay with mirgte of potash. 


Mix equal parts of nitrate of potash and filings of zinc, and 
project the mixture by spoonfuls into a crucible which has been 
brought to .a state of ignition. When the powder has acquired 

a certain degree | of heat, a strong detonation suddenly takes 
| place; as soon as it ceases throw another spoonful of the mix- 
ture into the vessel, and repeat the operation-till the whole quan- 
tity is consumed. The residuum will be an oxid of zinc. 

Remakx. ..This experiment requires a great deal of caution to 
prevent accidents. . 


; EXxPeRimMenT V. ° 


Zine detonates, by percussion, with oxigenated muriate of 


potash.. or 


When a few grains of fine zinc filings and oxigenated muriate 
of potash are struck on an anvil, a violent detonation takes place, 
- with a white flame, , 


EXPERIMENT VI} 
Zinc decomposes muriate of mercury. ; 


Distil two parts of muriate of mercury and one of zinc, in a : 
_ glass retort; a salt which crystallizes in small needles united to- . 
gether will be sublimed, and the mercury will remain fluid in _ 
the retort. This salt is. muriate of zinc. 
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ANALYSIS OF ORES OF ZINC. 


For extracting zinc from the ore called Llende, Jet one part of — 
the powdered cre be gently boiled in six of diluted nitric acid in 
a flask to dryness, and repeat this’ operation with the same ore 
two or three times. Then dissolve the dry mass in’ a suff- 
cient quantity of water to which about one-fourth part of nitric 
acid has been added, and precipitate the fluid by a solution | 
of soda. Collect the precipitate on a filter, wash it by pas- 
sing water over it, and re-dissolve it in muriatic acid. Then 
decompose this solution by liquid ammonia in excess, in order 
to separate the iron, lead, and alumine which may have been 
dissolved. If this precipitate be boiled in four Hine? its quantity 
of potash the alumine will be separated. 

From the before-going solution the zinc may be separated by 
the addition of an acid. It may be reduced to the metallic state 
by strongly igniting it with half its weight of charcoal in a closed 
crucible. | , 

In order to analyze calamine, let it be digested repeatedly in 
diluted nitric acid, and the insoluble residue be boiled in con- 
centrated muriatic acid three times. What remains after ablu- 
tion with boiling water is silex. : | 

The nitric solution obtained before, contains the zine, and also 
iron and alumine, if they were present in the ore. Let there- 
fore the solution be’evaporated to dryness, re-dissolve it in nitric 
acid, and evaporate it again as before, in order to render the 
iron as insoluble as possible. Then dissolve the mass in water, 

_ A tolerably exact assay of the ore called calamine, may be 
made in the following manner: | 

' Mix any quantity of the pulverized ore, previously freed from: 
sulphur by roasting, with one-eighth part of charcoal powder. 

Put this mixture into a crucible capable of containing thrice the 
quantity. Diffuse equally amongst this.mixture a quantity ate 
small. grains or thin plates of copper ee to that of the cala- 
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mine or ore employed, and’upon the whole lay another equal 
quantity, of grains or plates of copper, and lastly, cover this latter 
portion with charcoal powder. Lute a cover upon the crucible, 
and apply a red heat during one or two hours. The volatilized. 
zinc will thus combine with the copper and convert it into brass. 
By comparing the weight of the metal after the operation, with 
the weight of the copper employed ; the ey of zinc united 
with the copper will be known. “ i 
The copper which has not been converted into brass, of more 
copper with fresh charcoal powder may be again added in the 
same manner-to the remaining ore, and the operation repeated 
with a heat somewhat more intense, in order’ that any zinc re-— 
maining in the ore may be thus extracted. A curious circum- 
stance is, that a much greater heat is required to obtain zinc 
from its ore without the interposition of copper, than in the 
process now described of making brass; in which the separation 
_ of the zinc from its ore is certainly facilitated by the interposition 
of the copper. | 3 imasye 
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NATURAL HISTORY OF TIN. 


! 


~~ Se . = | 


Ir has been much doubted whether tin is ever found native. 
In the opinion. of Kirwan there are sufficient authorities to deter- 
mine the question in the affirmative. The native oxid of tin, or 
tin stone, occurs both massive and crystallized. Its colour ‘is a 
dark brown, sometimes yellowish grey. When crystallized, it 
is somewhat transparent. The wood tin ore is a variety of the 
native oxid, termed so from its fibrous texture. ‘This variety has 
hitherto been found only in Cornwall. It occurs in fragments 
which are generally round, and its colour is brown, sometimes 
inclining to yellow. Tin is also found mineralized by sulphur, 
associated always with a portion of copper, and often of iron. 


‘Y 
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This ore is called tin pyrites. Its colour is yellowish grey. It has 
a metallic lustre, and a fibrous, or lamellated texture; sometimes 
it exhibits prismati¢ colours... Tin is comparatively ‘a rare metal, 
as it is not found in great quantity any where but in Cornwall 
or Devonshire; though it is likewise met with in the mines of 
Bohemia, Saxony, the island of Banca, the peninsula of Malacca, 
and in the East Indies. | 


PROPERTIES OF TIN. 


Tin is of a brilliant white colour, though not quite so white 
as silver. It is one of the lightest of the metals; its specific 
gravity, when hammered, being 7.299. It is very fusible, 
melting at about 410° Fahr. By intense heat. it is volatilized. 
It becomes oxidated by a moderate degree of heat, It easily 
bends and emits a noise, called the crackling of tin. It is 
exceedingly soft and ductile. It may be reduced to very thin 
leaves. Tin foil, or tin leaf, which is tin beat out, is about 
<ess part of an inch thick. It has scarcely any sound. It 


resists the action of the air. It crystallizes in rhombs formed of 


small octahedra. It unites, by fusion, with phosphorus and sul- 
phur. It does not decompose water alone, or in the cold; but | 
easily by means of many other bodies. It decomposes the sul- 
phuric acid, and unites with the sulphureous acid. It decom- 


-poses the nitric acid, and is very soluble in muriatic acid. Nitro- 


muriatic acid acts on it very readily. It is slightly soluble in 
the fluoric and boracic acids. Phosphoric acid attacks it by heat. 


- Tartareous acid has no perceptible action on it, . The oxalic and 


acetic acids dissolve it in small quantities. . The alcalies appear to 
have some action on it by heat. It combines with sulphuret of . 


potash by fusion. It unites with the greater number of the 
metals with facility. It decomposes. muriate of mercury, and 


muriate of ammonia. It causes nitrate of potash to detonate. 


- It takes fire spontaneously in oxigenated muriatic acid gas, and 


is capable of combining with two different proportions of oxigen. 
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METHOD OF OBTAINING TIN. 


_ In order to obtain tin from its ore, a mere fusion of it, with 
pounded charcoal, is sufficient. Or, a certain quantity of the 
ore is first freed from sulphur and arsenic by torrifaction ; after 
which it is mixed with equal parts of potash, one half of common 
resin, and two parts of black flux; the mixture is then fused in 
a crucible covered with charcoal, by means of which the metal 
is recovered in its metallic state. In order to obtain pure tin, 
"let the tin obtained before be rapidly dissolved in strong nitric 
acid with heat. Thus some of the metals it may contain will be 
held in solution, and others become oxidated, but muriatic, or 
nitro-muriatic acid will, on digestion, take up these oxids, and 
after sufficient ablution, leave that of tin, which may afterwards 
be reduced by mixing it when pulverized with double its weight 
of a flux formed of equal parts of pitch and borax, or resin and 
borax, and putting it into a covered crucible, lined with charcoal, 
which must be placed in a forge, and strongly heated for a | 
quarter of an hour. | | : 
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“SECT. If. 


EXPERIMENTAL PROOFS 
, OF . ay ¢ 


- 


_ THE PROPERTIES OF TIN. 


EXPERIMENT I. 
Tin unites to oxigen in different proportions. 


Ler this metal be melted in ah iron ladle in contact with air; 
_ its surface will become ‘covered with a grey pellicle, which forms 
wrinkles; when this is taken off, it is soon succeeded by another, 
and in this manner the whole metal may be converted into a 
powder, which is yellow or grey oxid of tin. To free it from 
the particles of tin which are not oxidated, it must be passed 
through a sieve of lawn or silk. It is extremely difficult to 
separate it entirely from the tin, it therefore is of a grey colour. 
Let the oxid of tin, obtained in the above process, be exposed 
to a ted-heat in a crucible, or an earthen capsule under ‘a muffle 
fot some time, stirring it occasionally with an iron rod, and it 
‘will become more oxidated, and acquire a white colour. ‘This 
is white oxid of tin, commonly called putty of tin. It is used for 
polishing glass specula for telescopes, marble, steel, &c. It de- 
prives every kind of glass of its transparency, and converts it 
into white enamel. ret ties } 
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The yellow oxid of tin may also be obtained by dissolving tin 
filings in diluted nitric acid, without the assistance of heat, and 
then precipitating the solution by potash. 

The white oxid of tin may be obtained by heating tin in con- 
centrated nitric acid, a violent effervescence ensues, and the 
- whole of the tin is converted into a white powder, which is 
deposited at the bottom of the vessel. | 


* 


EXPERIMENT II. 


White oxid of tin combines with sulphur by fusion, and forms’ 
yellow sulphurated oxid of tin, (aurum musivum.) 


The process generally adhered to in this preparation is as fol- 
lows: Twelve parts of tin are melted in a crucible by a brisk 
fire, and three of mercury added to it. This mass is to be re- 
duced to powder in a stone mortar, and then intimately mixed | 
by trituration with seven parts of sulphur, and three of muriate 
of ammonia: the mixture is exposed to heat as long as any white 
vapours are disengaged; the heat is then moderately increased ; 

a little sulphuret of mercury, and some oxigenated muriate of tin 
sublime, .and the aurum musivum remains’ at.the bottom of the’ 


- Matrass. 

A variation in the proportion of the ingredients produces ne 
very essential change in the result. Pelletier obtained a very 
beautiful musiye gold by distilling together equal parts of mer- 
eury, muriate of ammonia, tin, and sulphur. The main point 
is the proper regulation of the heat; if this be too strong the 
operation does not succeed, and: instead of a beautiful aurum 
musivum, common sulphuret of tin, of a very, dark colour, is 
‘obtained... | 

eamanun tact theory of the formation of this mand 
is.one of the most intricate in chemistry, but it appears to have 
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been sufficiently ascertained by the researches of Pelletier. In 
- the first amalgamation and trituration of the mercury and tin, the 
latter is divided, and in some degree oxidated; when the mixture 
of this amalgam with the sulphur and muriate of ammonia is 
- heated, the muriatic acid, by a disposing affinity, enables the tin 
to be oxidated by decoinposing the water, and this oxid combines 
with the muriatic acid; the hidrogen of the water is disengaged 
with the ammonia of the muriate of ammonia; this ammonia 
unites with a portion of the sulphur, and forms sulphuret of 
ammonia, which being disengaged, causes the white fumes. The 
heat being-now augmented, the muriate of tin is again decom- 
posed, the oxid of the metal attracting a portion of the sulphur, 
and forming the aurum musivum, Such is the aetiology of that 
complicated process given by Pelletier, 

Aurum musivum is employed to give a beautiful colour to 
bronze, and to.excite the strength of electrical machines. Itis 
used by japanners, and for many articles intended to have the 
appearance of metallic gold. | 


Exvertent III, 


Tin decomposes nitric acid with great rapidity, and forms 
ammonia ly the addition of an alcali. 


Moistén some powdered tin with concentrated nitric acid, and 
when the red fumes have ‘ceased to arise, add some solution of 
potash. A strong smell of ammonia will be immediately pro- 
_ duced. 

Rationaxe...In this case the tin decomposes both the nitric 
acid and the water: the hidrogen of the latter, and the nitrogen 
of the former being presented to each other in their nascent state, 
by the addition of the alcali, unite and form ammonia which is 
_disengaged. TRC aes 
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Experiment IV. 
Tin combines very readily with sulphur 


This sulphuret may be obtained by fusing together in a covered 
crucible, one part of tin with four or five of sulphur. The com- 
pound is heavier than tin, and not so fusible. 


EXPERIMENT V. 
Tin combines also with phosphorus... 


Take equal parts of tin filings and glacial acid of phosphorus, 
and one eighth part of charcoal-powder : mix these three sub- 
stances intimately, and fuse them in a crucible; a few grain’ of 
_ ametallic appearance, and of a pretty large size will be obtained. 
These do not differ in appearance from tin, but when melted by 
the blow-pipe, the phosphorus abandons the metal and burns on 
its surface. | é 

Remark...In fusing tin with charcoal-powder and glacial acid 
of phosphorus, care must be taken to regulate the fire properly, 
for the phosphorus easily abandons the metal. | 


Expzrmment VI. 


; Tin is soluble in sulphuric acid. baht 


,-? 


Put into a matrass five parts of concentrated sulphuric acid, © 


_and one part of tin in grains; place the vessel on a 'sand-bath, 
and the tin will dissolve without any effervescence 3 sulphureous 
acid will be disengaged, and sulphur will be formed, which re- 
mains liquid at the surface of the solution while Mbedes but pre- 
cipitates when it cools. i 

This solution is of a dark brown colour when first prepared 
‘but becomes transparent by rest. 

If it be long exposed to heat the tin is ptecipitnted a in the form. 
of a white oxid. ; 


‘ 
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This solution furnishes pears in fine deciles interwoven 
with each other, called bg as x tin. | 


EXPERIMENT VII. 


Tin is soluble in muriatic acid, 


Put one. part of tin into a matrass, pour over it two of concen- 


- trated muriatic acid, and place the vessel on a sand-bath ; hidro- 


gen gas will be evolved, and a solution of a Nett amber colour 
will remain in the matrass. 

__ If the solution be evaporated, brilliant and very regular crystals 
will be obtained, which are muriate of tin. 


Experiment VII]. 
Tin is soluble in nitro-muriatic acid. 


Put two parts of nitro-muriatic acid into a Florence flask, add 
gradually one part of tin; if the heat be too great, the vessel 
must be plunged into cold water to diminish it. This solution 
is of a reddish brown colour, and often forms in a few moments 
a viscous trembling jelly. If the solution be diluted with about 
half its wejght of water, it becomes concrete, and is of. an opal 
colour. e . 


Experiment IX, 
Tin decomposes muriate of ammonia, 


Take equal parts of granulated tin and muriate of ammonia, 
introduce the mixture into a retort, and adapt to it a receiver, in 
the mercurial pneumatic trough. As soon as the retort is heated, 
wre decomposition takes place, the ammonia is disengaged in the 
form of gas, and the residuum i is a solid muriate of om; decom- 
posable by Water, | porn 

G3 
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EXPERIMENT X. 
Tin decomposes muriate of mercury. 
+ 4 


In order to obtain this combination, which was formerly known 
by the name of Lihavius's smoking liquor, fuse in an iron spoon 
five parts of tin, add one of mercury, and triturate the mixture 
in a marble mortar, with an equal quantity of oxigenated muriate 
of mercury. Put the mixture.into a glass retort, and adapt to 
the neck of it a middle-sized receiver; place the retort on @ 
sand-bath, and proceed to distillation. 

A colourless fluid ‘will first pass over, a thick white vapour 
will then burst out with a kind of explosion, and cover the sides 
of the receiver. This vapour is condensed into a transparent 
liquor, which exhales thick, white, and yery abundant fumes : 
this is the oxigenated muriate of tin. 

Remark...Adet has published a very interesting memoir on 
this production. From the observations of this chemist it appears, 
Ist. That’ the oxigenated muriate of tin is a saline substance, 
formed by the combination of tin with oxigenated muriatic acid 
deprived of water. 2d. That if it be mixed with water in the 
proportion of seven to twenty-two, a concrete saline. substance 
will be obtained. 3d. That when diluted with water, it can 
dissolve a new quantity of tin without a disengagement of hidro- 
gen gas. According to these facts, it is a true ovigenated mu- 
“reate of tin. ; 


| EXPERIMENT XI. 
Tin is soluble in liquid potash, soda, &Sc. 


If a very concentrated solution of potash, or soda, be mixed 
with tin filings, or tin foil, and boiled, part of the metal will bé — 
dissolved ; for on adding an acid, the solution will be decom- 
posed, and the tin be precipitated, — | 


oa 
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EXPERIMENT XII. 
Tin causes nitrate of potash to detonate. 


For this purpose fuse tin in a crucible, and make it some- 
what red; then project over it pounded. nitrate of potash ex- 
ceedingly dry ; a deflagration will take place, and a. brilliant 
white flame will arise. Add anew quantity of nitrate of potash 
till no. more detonation ensues ; remove the crucible from the. 
fire, and’ having separated the contents from it, wash them in 
water, filter the liquor which contains the potash of the nitrate, 
and the remainder on the filter will be oxid of tin, mixed with 
a little alcali rendered caustic by the tin. Care, therefore, must 
be taken to wash it-well, and a small quantity of acid may be 
added, in order to precipitate the oxid of tin. 


EXxpERIMENT XIII. 


Tin detonates with ovigenated muriate of potash by percussion. 


If a few grains of finely divided tin be mixed with double the 
quantity of oxigenated muriate of potash, a compound will be 
. formed which detonates loudly by percussion. 


\ 


Satie XIV. 
Accension of tin-foil by nitrate of copper. 


Spread thinly, on a piece of tin-foil, three or four inches 
square, some dry nitrate of copper, and wrap itup. No effect 
will follow. Unfold the tin-foil, and sprinkle the nitrate of 
copper with a very little water ; wrap it up again as quickly as 
possible, pressing down the edges closely. Considerable heat 
attended with fumes will now be excited ; and if the experiment 

| G4 
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has been dexterously managed, even light will be evolved. This 
shows that nitrate of copper = no action on tin till in a state of 
solution, | 

- Remark...This is a common experiment, sion by teachers 
of chemistry, to prove that bodies do not act on each other in 
a dry state.. But there seems to be an error with regard to the 
action of nitric acid on tin; for nitric acid, freed as much as 
possible from water, will not act upon tin at all; the action 
only takes place when the acid is diluted. _ Hence the rationale 
of this experiment must be sought for in the action of the water 
on the nitric acid of the nitrate of copper. fe 


Experiment XV. 


Tinning copper vessels, 

Vessels of copper, especially when used as kitchen utensils, 
are usually covered with a thin coat of tin to prevent the copper 
from oxidating, and to preserve the food which is prepared in 
them from being mixed with any of that poisonous ‘metal. ‘These 
vessels are then said to be tinned. Their ‘interior surface is 
scraped very clean with an iron instrument, and rubbed over 
“with muriate of ammonia. The vessel i is then heated, and a little - 
pitch thrown into it, and allowed to spread on the surface. Then 
a bit of tin is applied all over the hot copper,. which instantly 
assumes a silvery whiteness. ‘The intention of the previous steps 
of the process is to have the surface of the copper perfectly pure 
and metallic; for tin will not combine with the oxid of copper. 
The coat of. tin thus applied i is exceedingly. thin, Bayen ascer- 
tained, that a pan ‘nine inches in diameter, and three inches 
three lines in depth, when tinned, only acquired an additional 
weight of 21 grains. Nor is there any method of making the 
coat thicker. More tin indeed may be applied, but a moderate 
heat melts it, and causes it to run off, 


‘ 
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EXERIMENT XVI, 
Tinning iron. 


' Iron is tinned in the following manner: Plates of iron, ‘after 
being reduced to a proper thickness, are immersed in water 
acidulated with . sulphuric or muriatic acid, in order to clean 
them compleately from rust ; they are then scoured quite bright, 
and placed in a pot, or other convenient vessel, filled with melted 
tin, whose surface is covered with suet, pitch, or resin, to pre- _ 
vent the surface of the tin being oxidated. The plates of iron 
being then suffered to pass through it, the tin will unite with 
them so as to cover each side of the plate with a thin white coat, 
_ They are then what are called tin-plates, . 

In the same way stirrups, packiey bridle- bits, &c. are covered 


with coats of tin, 
EXPERIMENT XVIL. 
Silvering looking glasses. 


Fasting glasses are covered on one side with an amalgam of 
tin and mercury. For that purpose tin-foil is evenly placed on 
- a flat stone, or table; and quicksilver, in which some tin already 
has been dissolved is poured upon it, and spread with a feather, 
ér bunch of cloth, until its union has brightly lined every part. 
A plate of glass is then cautiously slid upon it from one end to 
the other,’in such a manner that part of the redundant mercury is 
driven off, or swept away, before its edge. The remainder is now | 
united to the tin. The glass is then loaded with weights all over, 
_ so as to press out still more of the mercury ;. by inclining now. the 

table this remaining quantity of the superfluous mercury becomes 
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discharged, and in a few hours the rest of the tin-foil, and mer- 
cury, adheres so firmly to the glass, that the weights may be 
removed without any danger of its falling off. 

In the small way about 2 ounces of mercury are requisite for 
covering three square feet of glass, 


* 
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{n order to ‘analyze the ore called tin-stone, let one part of it 
be pulverized and digested with six of concentrated sulphuric 
acid, for at least six hours. Then decant the fluid, dilute it 
with water and filter it. ‘The residue consists of silex, Having 
- done this, add to the solution, dissolved potash as long as a pre- 
cipitate ensues. ‘Then collect the precipitate by transferring the 
whole on a filter, wash it repeatedly, and when dry, reduce it, 
- by fusing it with half its weight, or less, of charcoal-powder. If 
the iron which it contained is wished to be separated, it may be 
precipitated from the solution in sulphuric acid, by the addition ~ 
of triple prussiate of potash. _ . 

The ore may be analyzed in the dry way in the following. 
manner: Let one part of the ore be fused with six of potash, 
and dissolve the mass in a sufficient quantity of water. The 
insoluble residue must be several times fused with a like quantity 
of potash, and dissolved in water. The residue, if any, may 
then be dissolved in muriatic acid by heat. The alcaline solutions 
must be mingled together, and decomposed by adding to them 
a solution of carbonate of soda. The obtained precipitate must. 
then be dissolved in muriatic acid, and mixed with the solution 
in muriatic acid obtained before. If plates of zinc be now im- 
. mersed in the solution, the tin will be precipitated. The iron 
may be separated from the solution, if deemed necessary, bya 
solution of triple prussiate of potash, 


NATURAL HISTORY OF LEAD, — 407 


LEAD. 


PART L. 


EER Ty ti. 


NATURAL HISTORY OF LEAD. 
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‘T HIS metal is found in considerable quantity in many parts 
of the earth. It is found in nature in different states, seldom if 
at all in the metallic state. It is found in that of an oxid, red 
lead ore, mixed with a portion of iron, clay, and other earths. 
The colour of this ore is aurora red, resembling red arsenic. 
It is found in small lumps of.an indeterminate figure, od also 
3 crystallized i in four-sided rhomboidal prisms, 

Combined with carbonic acid it forms the sparry lead ore, so 
called because it has the texture and crystallization of certain. 
spars. There are a great many varieties of this kind. It is found 
united with sulphuric, phosphoric, arsenic, molybdic, and chro- 
mic acids. , Lastly, lead is found mineralized by sulphur form- 
ing what is called galena (ulphuret of lead) which is by far its 
most abundant ore. This ore which is very common is found 
- both in masses and crystals. aia bere: 

The primitive form of its crystalsis a cube. Its colour-is of a 
bluish lead grey. It has a considerable metallic lustre, its tex- 
ture is foliated. It stains the fingers, and often feels greasy. 
It contains in general a minute quantity of silver. 
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PROPERTIES OF LEAD. | 


Lead is of a bluish-white colour when fresh cut. It is mal- 
-leable. It soon tarnishes in the atmosphere. It may easily be 
cut with a knife, and stains the fingers bluish-grey when rubbed. 
Tt fuses at 540° Fahr. and renders other more refractory metals 
fusible. It becomes vitrified in a strong and continued heat, and 
vitrifies various other, metals. It is the least elastic of all the 
metals, It is very laminable, but it possesss very little ductility. 
Its specific gravity is 11.435. It crystallizes by cooling in: small 
octahedra. When fused its surface first becomes yellow and 
then red., It unites by fusion with phosphorus and sulphur. 
The greater part of the acids act upon it, The sulphuric acid 
requires the, assistance of a boiling heat, Nitric acid is decom- 
posed by it. Muriatic acid acts very weakly on it. Acetic acid 
dissolves it. Fluoric acid attacks it by heat, and slightly in the 
cold. It'combines with other metals, but few of its alloys are 
applied to any-use. When combined with mercury it forms a 
crystallizable alloy which sina ig fluid when triturated with 
that of bismuth. 


METHOD OF OBTAINING LEAD. 
In order to obtain lead in the great way the ore is picked from — 
- among the extraneous matter with which it was naturally mixed. © 
It is then pulverized and washed. It is next roasted in a rever- 
beratory furnace in which it is to be agitated, in order to bring 
all its surfaces in contact with the air. When the external parts 
begin to soften, or assume the form of a paste, it is covered with 
charcoal, the mixture is stirred, and the heat increased gradually ; 
the lead then runs on all sides, and is collected at the bottom of 
the furnace, which is perforated so as to permit the metal to 
flow into a receptacle defended by a lining of charcoal. | 
The scoria remaining above in the furnace still retain a con- 
siderable’ proportion of lead; in order to extract it the scoria 
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must be fused in a blast furnace. The lead is by that means se- 
parated, and cast into iron moulds, each of which contains a 
portion called a pig of lead ‘These pigs are sold under the name 
‘of ore lead, : . 

To disengage the silver ioe lead thus obtained, the haa is 
subjected to the action of thé refining furnace. The. continual 
application of a quantity of fresh air which is thrown by means 
of large bellows upon the fused lead, which is at the same time 
heated as intensely as possibly, oxidates the lead, and converts 
it into the yellow scaly oxid; known by the name of lytharge. 

This scaly oxid being driven off from the surface of the fused 
_ metal, as it is formic) leaves the aver alone unaltered at the 
bottom. | 

The lytharge is then to be fait i in contact with gad that 
it may assume the properties of metallic lead. 

In order to obtain perfectly pure lead, the lead of commierce 
may be dissolved in pure nitric acid, and the solution be decom- 
posed by adding to it, gradually, a solution of sulphate-of soda, 
so long as a precipitate ensues. This precipitate, which is sul-— 
phate of lead, must then be collected on a filter, washed re- 
peatedly in distilled water, and then dried. In ordér to reduce 
it to its metallic state, let it be mixed with two or three times 
its weight of biack flux, introduce the mixture into a crucible, 
am expose it briskly to a red heat. | 
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EXPERIMENTAL PROOFS | 
oF 


THE PROPERTIES OF LEAD. 


EXPERIMENT I. 
Lead unites to oxigen in different proportions. 


Por into an iron ladle any quantity of lead, and place it over 
the fire; as soon as the metal is fused, it becomes oxidated at the 
surface; a grey pellicle is. formed, which, on being removed, is 
soon succeeded by: another, and in this. manner the whole of the 
lead may be converted. into a dirty grey powder which is grey 
oxid of lead. : | 

If the oxid obtained in the above process be exposed to a low 

red-heat it acquires a dirty yellow colour. This is what is called 
common mussicot. By continuing the oxidation, the oxid. as- 
sumes a dark yellow colour, and in that state is yellow oxtd of 
lead, formerly called yellow massicot. 
If the yellow oxid, obtained as above, be exposed to a still 
stronger heat in a reverberating furnace, not capable of bringing 
it to a state of fusion, it will continue.to increase in colour, and 
at length become of a beautiful red. This is si oxid. of lead, or 
minium. 

‘By exposing the red oxid of lead to a heat capable of reducing 
it te a state of semi-vitrification, its parts become agglutinated 
into small thin scales, which always preserve their red cclour, 
but have less brightness. The oxid now is called semi-vitreous 
oxid of lead, or litharge. fi | 


PROOFS OF THE PROPERTIES OF LEAD. iif 
If the red or semi-vitreous oxid of lead be exposed to heat in 
_aerucible, and the fire raised by degrees, it enters into fusion, 
but with much more difficulty than lead, and becomes converted 
into glass: this glass, however, has so much action on earthy 
substances, that it. penetrates the common crucibles, and makes 
them enter into fusion. . : is 
This inconvenience may be obviated by mixing one part of 
- sand with three of the red oxid; put this mixture into a good cru- 
cible, place it under the muffle of a furnace and keep it at a 
white heat for two or three hours, or until the matter be fused. _ 
By this means glass of icad will be obtained, approaching in 
colour to amber. ‘This vitreous oxid of lead constitutes the basis « 
of the glazing for common pottery. 


Experiment II. 
The oxids if lead decompose muriate of soda and muriate of 
ammonia. 


| Mix two parts of fine powdered red oxid of lead with one of 
‘common salt in a stone mortar, and form the two into a paste 
with a little water, adding more occasionally,- as the mixture 
becomes dry.°- eyo 
The soda of the common salt will be disengaged and the mu- 

riatic acid will unite with the oxid of lead. Wash off the soda,’ 
dry the white mass, and fuse it in a crucible, it will form the 
beautiful and durable pigment called patent or mineral yellow. 

The decomposition of muriate of ammonia may be effected in 
a similar manner by the help of caloric. 


EXPERIMENT Tit 


bist combines with sre ae by fate 


. 


oe three parts of lead in an iron: ladle; add one part of 
powdered sulphur and stir the mixture; the sulphur will speedily 
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combine with the lead and form a black and somewhat scaly 
powder, This matter will not enter into fusion until it has been 
brought to a yed heat;, it then forms a black brittle mass, dis~ 
posed in facets, much less fusible than lead. This is wis ie 
of lead, or artificial galena, 


Experiment IV. © \ 


Lead unites with phosphorus by fusion. 

. If a mixture of equal parts of filings of lead, and glacial acid 
of phosphorus be fused in a crucible, with one-eighth part of 
powdered charcoal, a button will be obtained, which differs very 
little in appearance from lead. It is malleable, but separates 
into thin plates when hammered, and may be easily cut with a 
knife. It loses its brilliancy much sooner than lead; and when 
fused by the blow-pipe on charcoal, the phosphorus burns, and 
abandons the lead. . . 

Phosphuret of lead may also be formed by dropping pieces of 
phosphorus into melted lead, and cov ering the cEndibie as expe- 
ditionsly' as snap Me? 


: \ 
EXPERIMENT V. 


Lead and tin form an alloy which is more fusible than either 
) of the metals ella 


This alloy, which is scars by the name of plumbers solder, 
is made by fusing together, in an iron ladle, two parts of with 
and one of tin. 


ExpERIMENT VI. © 
Lead precipitates silver or hieniicg Srom. their gauutions. 


Suspend a piece of lead, scraped bright; in a concentrated so- 
jution of nitrate of silver, or nitrate of mercury, The lead, by 


bd - 
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its greater affinity for oxigen, will first become black, and then 
separate the silver or mercury from the solution. 

A similar effect will take place by distilling muriate of mer- 
cury with granulated lead. Mercury will pass over into the re+ 
ceiver, and muriate of lead remain in the retort. 

- The greater part. of the acids act upon lead, and form saline 
compounds, which will be noticed hereafter. 


Experiment VII. 


Zinc precipitates lead in a metallic state. 


7 


(Lead- tree.) 


Dissolve one part of acetite of lead in thirty-six or forty 
. of distilled water 3 put this. solution into a white glass bottle, 
_ suspend a cylinder or ball of zinc in it, and then leave the 
vessel containing it undisturbed. The zinc will soon become 
covered with a moss-like substance which increases gradually, 
shooting. out symmetrical leaves of a metallic splendor, which 
arrange themselves into a kind of tree. 

Rationaue...The explanation of this experiment is obvious ; ; 
the zinc has a greater affinity for oxigen than the lead has, it 
therefore deprives the, latter of it; which being thus reduced 
to the metallic state, arranges itself by virtue of its molecular 
attraction into a symmetrical form: ae eee Oe 


ANALYSIS OF ORES OF LEAD. 
In order to assay lead ores, different ways are made use of, ac- 
cording to the nature or composition of those ores.. When in 
_the state of an oxid, or combined with oxigen, (red lead ore) it 


may be dissolved in nitric acid, and precipitated from it in the 
Vou. 1. | fs, ey ae 
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metallic state by zinc. If the ore contains silver, the solution 
is to be much diluted with distilled water, and the silver separat- 
ed ‘by muriatic acid; after which the site may be precipitated 
either by zinc or an alcali. | Y 

Or, the oxid may be merely fused with charcoal, which sepi- 
rates the oxigen and sets the lead free. 

Argentiferous antimoniated lead ore was ‘thus arunyuua by 
Klaproth: It was digested with seven times its weight of nitric 
acid, by which part was dissolved. - The residuum -was treated 
repeatedly with muriatic acid, which was poured off while boil- 
ing hot. What remained undissolved was sulphur, mixed with a_ 
little silex. Common salt being added to the nitric solution two 
precipitates appeared, 1. A heavy flaky one, which was muriate 
of silver: 2. Acicular crystals of muriate of lead. These crys- — 
tals were dissolved in water, and the solution added to the nitric 
solution. ‘From this ‘solution ‘sulphate of soda precipitated a 
heavy ‘white powder, ‘which was sulphate of lead. Lastly, am- 
monia afforded a precipitate, which was a mixture of iron. and 
alumine. ‘The muriated solution being concentrated, crystals of 
muridte ‘of lead appeared; the concentration was continued as 
long as any crystals formed. The residuum being diluted with 
water, gave a white precipitate, which was oxid of antimony. 

The sparry lead ore or carbonate of lead, may be analyzed in 
the following manner: Let one part of the ore, reduced to pow- 
der be dissolved inten parts of nitric acid, and boil down the 
solution to one-third. The iron and antimony, if any be pre- 
‘sent, will be separated, and°may be estimated by dissolving the 
precipitate in muriatic acid. If water be added to this solution, 
the antimony which was present will be separated, and on ad- 
ding ammonia ‘the iron becomes disengaged. + In order to ascer- 
tain the quantity of lead which was contained in the ore, the ni- 
tric solution ‘mtst be precipitated by the addition of sulphuric 
acid. The ‘precipitate after being” washed, must be dried and 
weighed; after deducting 70 per cent. the Neciroie eps Mie 
quantity ‘of lead: it contains. — 
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Phosphate of lead may be dissolved in boiling muriatic acid. 
The solution is to be diluted with water till the crystals of mu- 


. Mate ef lead are dissolved: being then saturated with ammonia, 


the lead and iron are precipitated, Dissolve the precipitate in 
muriatic acid, evaporate to dryness, and treat the dry mass with 
alcohol. The muriate of iron is dissolved; but the muriate of 
lead remains. Finally, drop lime water into the ammoniacal 
solution as long as any precipitate appears. ‘That precipitate in- 
dicates the proportion of phosphoric acid. 

Arseniate of lead has not been analyzed. It might be treated 
with an alkali, which would separate the lead.. This metallic 
precipitate is then to be re-dissolved in nitric acid, and analyzed 
by the methods above described. The alcaline arseniate may be 
dissolved in water, and treated with nitrate of lead; 100 parts of 
the dry precipitate will indicate 33 of lead. 

The sulphurated lead ores or galenas, may likewise be analyzed 


by first depriving them of the sulphur by torrefaction , and after- 


wards fusing them with two parts of black flux and half a part 
of iron filings, in a covered crucible, for half an hour ; ; by this 
means the iron takes up the remaining sulphur; the alcali of the — 
flux promotes the fusion, while its carbon carries off the oxigen; 
and thus the metal is recovered. ; 

Tn order to obtain pure lead, let:the lead of commerce be dis- 
solved in nitric acid, and precipitate it by means of sulphate of 
soda. The precipitate, which is a sulphate. of lead, after being 
washed, may be reduced in a erpcibles by fusing it with hres 
times its weight of black flux. | 
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PART LI. 


5 E Cc T ° i. 
NATURAL HISTORY OF IRON. 


eee 

Or all the metals there is none which is so copiously and so 
variously dispersed through nature as iron. In animals, in vege- 
tables, and in all parts of the mineral kingdom we ‘detect its 
presence. Mineralogists are not agreed with respect to the 
existence of native iron, though immense masses of it have been 
discovered, which could not have been the products of art; but | 
there is much in favour of the notion that these specimens have 
been extracted by subterraneous fire. A mass of native iron, 
of 1600 pounds weight, was found by Pallas, on the river 
Denisei, in Siberia; and another mass of 300 pounds was found 
in Paraguay, of which specimens have been distributed ‘every. 
where. <A piece of native iron, of two pounds weight, has been 
also met with at Kamsdorf,-in the territories of N eustadt, which 
is still preserved there. These masses evidently did not origi- 
nate in the places where they were found, __ 
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There are a vast variety of iron ores; they may, however, be 
all arranged under the following genera; namely, sulphurets, 
carburets, oxids, and salts of iron. The sulphurets of iron form 
the ores called pyrites, of which there are many varieties. Their 
‘colour is, in general, a straw-yellow, with a metallic lustre, 
They are often amorphous, and often also crystallized. Iton 
ores of this kind are known by the name of mundick. Iron, in 
the state of a carburet, forms the gruphite of Werner, (plum- 
Lago). This mineral occurs in kidney-form lumps of various 
sizes. Its colour is a dark iron-grey, or brownish black; when 
cut, blueish grey. It has a metallic lustre. Its texture is fine 
grained, It is very brittle. The ‘combination of iron with 
oxigen is very abundant. The common magnetic iron stone, 
magnetical pyrites, or load-stone, belongs to this class: As does 
specular iron ore, and all the different ores called hematites, or 
Liood-stone. Iron, combined with silex, constitutes emery, 
Iron, united to carbonic acid, exists in the sparry iron ore. 
Joined to arsenic acid it exists in the ores called arseniate of iron, 
and arseniate of iron and copper. 


PROPERTIES OF IRON, 


Jron is distinguished from every other metal by its magnetical 
properties. It is attracted by the magnet, and acquires, under 
various conditions, the property of magnetism, Pure iron is of 
a whitish grey, or rather blueish colour, very slightly livid; but 
when polished, it has a great deal of brilliancy. Its texture is 
either fibrous, fine grained, or in dense plates. Its specific 
gravity varies from 76 to 7.8. It is the hardest and most elastic 
of all the’ metals. It is extremely ductile, and may therefore be 
drawn into wire as fine as a human hair, it is also more tenaci- 
ous than any other metal, and consequently yields with equal 
facility to pressure. It is extremely infusible, and when not in. 
contact with the fuel it cannot be, melted by the heat which any 
furnace can excite ; it is, however, softened by heat, still pre-: 
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serving its ductility; this constitutes the valuable property of 
welding. It is very dilatable by heat. It is the only metal which 
takes fire by the collision of flint. Heated by the contact of 
air it becomes oxidated. If intensely and briskly heated, it 
takes fire with scintillation, and becomes a black oxid. It com- 
bines with carbon, and forms what is called steel. It combines 
with phosphorus in a direct and in an indirect manner, and unites 
with sulphur readily by mixture in the cold with water, and 
by fusion. It decomposes water in the cold slowly, but rapidly 
when ignited. It decomposes most of the metallic oxids. | All 
acids act upon iron. Very concentrated sulphuric acid has little 
or no effect upon it, but when diluted it oxidates it rapidly. The 
nitric acid-oxidates it with great vehemence. Muriate of am- 
monia is decomposed by it. Nitrate of potash detonates very 
vigorously with it. Iron is likewise dissolved by alcaline sul- 
phurets. It is capable of combining with a number of metals. 
Et does not unite with lead or bismuth, and very feebly with 
mercury. It detonates by percussion with the oxigenated mu- 
riates. ne 


- 
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METHOD OF OBTAINING IRON. 


The general process by which iron is extracted from its ores, 
is first to roast them by a strong heat, to expel the sulphur, car- 
bonic acid, and other mineralizers which can be separated ‘by 
heat. The remaining ore, being reduced to small pieces, is 
mixed with charcoal, or coke; and is then exposed to an in- 
tense heat in a close furnace excited by bellows, the oxigen then — 
combines with the carbon, forming carbonic acid gas during the 
process, and the oxid is reduced to its metallic state. There are 
likewise some fluxes necessary in order to facilitate the separation 
. of the melted metal. The matrix of the iron ore is generally 
either argillaceous or calcareous, or sometimes a portion of sili- 
eeous earth; but whichever of these earths is present, the 
addition of one or both of the others makes a proper flux. 
These are therefore added in the due proportion according to the 
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nature of the ores; and this mixture, im. contact with, the, fuel, 
is exposed to a heat sufficient to, reduce the’ oxid to its metallic 
state. 

The metal ee obtained, and called. smelted, pig, or, cast-iron, 
is far from being pure, always retaining a considerable quantity 
of carbon and oxigen, as well as several heterogeneous, ingredi- 
ents. According as one or other of these predominates, the 
property of the metal differs. Where the oxigen is present ina 
large proportion, the colour of the iron is whitish grey, itis. 
extremely brittle, and its fracture exhibits an appearance of 
erystallization: where the carbon exceeds, it is of a dark grey, 
inclining to blue or black, and is less brittle. The former is the 
white, the latter the black crude iron of commerce. The grey is 
intermediate to both. In any of these states, the iron is much 
more fusible than when pure; hence it can be fused and cast 
_ into any form; and when suffered to cool slowly, it crystallizes | 
in octahedra: it is also much more brittle, and cannot therefore 
be either flattened under the hammer, or by the laminating | 
rollers. ; 

To obtain the iron ‘more pure, or to free it from. the carbon 
with which it is combined in this state, it must be refined, by 
- subjecting it to the operations of melting and forging. By 
the former, in which the metal is kept in fusion for some 
time, and constantly kneaded and stirred, the quantity of car- 
bon and oxigen it contains are combined, and the produced 
carbonic acid gas is expelled: the metal at length becomes viscid 
and stiff F it is then subjected to the action of a very large ham- 
mer, or to the more equal, but less forcible pressure of large 
rollers, by which the remaining oxid of iron, and other impurities 
not consumed by. the fusion, are pressed out. The iron is now 
no longer granular or crystallized in its texture; it is fibrous, 
soft, ductile, malleable, and totally infusible. It is termed 
forged, wrought, or bar-iron, and is the metal in a purer state, 
though far from being absolutely pure. di 
H4 
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Remark...There are several varieties of this iron arising 
from the intermixture of other substahces. There is one kind of 
forged iron, which, when cold, possesses ductility; but when 
heated, is extremely brittle; it is also fusible: this is termed 
hot short iron. Another variety, the cold short iron, possesses 
precisely the opposite properties, being highly ductile while hot, 
but when cold extremely brittle. The causes of these peculiarities 
have not perhaps been perfectly explained. Chemists are gene- 
rally agreed that the property of cold short iron depends on the 
presence of a substance termed siderite, once considered as a 
peculiar metal, but now known to be a compound of phosphoric 
acid and iron: that of hot short iron has been ascribed to the | 
intermixture of arsenic, sulphur, or sulphureous acid, but the 
real cause is not well ascertained. | 


PROPERTIES OF STEEL. 


Steel is of a light grey colour; its fracture is finely granulated, 
and brilliant, and it is susceptible of a very high polish. It is 
fusible by itself. It is both ductile and malleable, and when 
hammered, has a specific gravity greater than that of iron. The 
property by which it is eminently distinguished is, that of 
acquiring a degree of hardness by being hastily immersed in cold 
water when red hot; the hardness being proportioned to the 
heat of the steel, and the coldness of the water. This is what is 
termed tempering of it, the requisite degree of hardness being 
given by attending to the degree of heat which the metal acquires, 
and suffering it to cool accordingly. It may be made so hard as 
to scratch glass, and at the same time it becomes more brittle 
and elastic. Steel thus hardened may have its softness and duc- 
tility restored to it, by again heating it, and suffering it to cool 
slowly. 

The colours which a polished piece of steel acquires by being 
heated with access of air, are far brighter than those with which 
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‘the other species of iron tarnish in the same situation. It first 
_ becomes of a straw-yellow, then of a higher yellow, next purple, 
then violet, next red, then deep blue, and at last bright blue. 
At this period it becomes red-hot, and the colours disappear, at 
the same time that the metallic scales, or the black imperfect 
oxid of iron which is formed incrust its surface. All these differ- 
ent shades of colour indicate the different tempers the steel has _ 
acquired by the increase of heat. Mr. Stodart has availed himself 
of this property to give to surgical, and other cutting instruments, 
those degrees of temper which their various uses. require, and 
his attention to this circumstance has rendered his tools so justly 
celebrated, 
Steel possesses a degree of hardness superior to any other | 
metal, It affords sparks with flint. It may be hammered out: 
into much thinner plates than iron, and is more sonorous. It is 
also possessed of the greatest say det and is perhaps the most 
- useful of all metals. : , - 


METHODS OF CONVERTING IRON INTO STEEL. 


To form steel, bars of malleable iron are bedded in charcoal 
in a close furnace, alternate layers of iron and charcoal being 
formed. - A strong fire is applied for six or eight days; the 
progress of cementation, as this process is termed, is known by 
drawing a trial bar from the furnace: if this is sufficiently . 
changed the fire is -extinguished, and the metal left to cool for 
some days, ‘This forms blistered steel.. It is rendered more 
perfect by subjecting it to the operation of the hammer, as in 
forging iron; or it’ is fused, and cast into small bars, forming 
what is termed cast steel. These operations are performed on 
malleable iron ; but those kinds of cast iron which contain little 
oxigen can be converted into steel by a similar process. __ 

In this operation an increase of weight from ;z5th. to ~ioth. 
‘Is gained. The more carbon is introduced the more brittle is 
the steel. Bergman first showed clearly the presence of this mat- 
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ter, ascertaining by experiments that less hidrogen gas is disen~ 
gaged during the solution of steel in diluted sulphuric acid, than 
_ during the solution of iron in the same acid; and that during the 
solution of the steel, carbon is precipitated in the form of plum- 
bago. Morveau has justly observed that it is pure carbon, not 
its oxid that is present in steel, and to this its great hardness 
may be ascribed. Bergman further found, that some specimens 
of steel contained manganese and silex; and Vauquelin has 
likewise discovered the existence of this earth, and of phosphorus, 


in several kinds of steel which he analyzed. 


CLOUET’s METHOD OF MAKING CAST STEEL. 


A new method of preparing cast steel has been lately an- 
gonpced:| in France by Clouet, His process is the following : : 
Take small pieces of iron and place them in a crucible, with a 
mixture of carbonate of lime and the earth of Hessian crucibles ; 
six parts of the carbonate of lime and six of this‘earth must be 
employed for twenty parts of the irom. The matters are to be so 
disposed, that after fusion, the iron must be completely covered 
by them, to prevent it from coming into contact with the exter- 
‘nal air. The mixture is then to be gradually heated and at last 
exposed to a heat capable of melting iron. If the fire be well 
kept up, an hour will generally be sufficient to convert two 
pounds of iron into excellent.and exceedingly hard steel capable 
of being forged; an advantage not possessed by steel made in the 
common manner.* 


/ 


Metallurgy therefore comprehends three arts relative to iron, 
namely, its first fusion into crude iron; the change of this inte 
bar-iron; and its conversion into steel. 

The cause of the difference between crude iron,- malleable 
iron, and steel, consists partly in this; that this metal may still. 


* Phil. Mag. vol. II. p. 219. 
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appear in /its metallic state though it is slightly oxidated; and | 
partly. that it is capable of ee with different ian pi of 
-carbon.. 
Crude iron is not et absolutely and perfectly decbaigated or 
reduced to the complete metallic state: it also holds a consider- 
able portion of carbon in combination, the grey iia ied a 
‘greater quantity than the white crude iron, ) 

Malleable iron is not only perfectly metallic, but likewise un- 
contaminated by carbon, It is a simple substance, and if per-. 
fectly pure would contain nothing but iron. It howeyer is, 
strictly speaking, never absolutely pure. 

Steel is iron combined with carbon; it has for that reason te 
called carbonated iron. ‘The proportion of carbon has not big 
been ascertained with accuracy. 

Cast iron, is iron combined with a much larger quantity” ‘of 

“carbon than is necéssary for forming steeh 


METHOD OF DISTINGUISHING IRON FROM STEEL. 


Rinman has long ago pointed out a ready method by which ~ 
steel may be distinguished from iron. When a little diluted ni- 
. tric acid is dropt upon a plate of steel, allowed to remain for a 

few minutes, and then washed off, it leaves behind it a black 
spot; whereas the Spot formed by nitric acid upon iron is whitish 
grey. | 

RATIONALE.. .The colour of the black spot is owing to the car- 

bon of the iron, which is converted into charcoal by the acid, and 
in that state is distinguishable by the eye. Whereas upon iron - 
which is nearly free from carbon this effect cannot take place. 

Remark...This experiment shews that carbon is much more 
readily oxidated when combined with iron, than when crystal- 
lized in the form of diamond. 


INFERENCES. 


From what has been stated above it is easy to comprehend 
why good grey crude iron is conyerted into steel by simple fu- 
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sion either by itself or with the black oxid of manganese, lime, 
and other such matters. Why it retains the nature of crude iron 
when fused under charcoal dust. .Why by successive ignitions 
it becomes progressively more ductile and, more difficultly fusi- 
ble. Why it yields ductile iron if melted with oxid of iron. 
- Why ductile iron when fused with and under a stratum of pow- 
_dered charcoal may be converted either into crude iron or into 
steel. Why ductile iron becomes steel by cementation with 
charcoal. Why ductile iron is never changed into steel by mere 
igniting and forging; and finally, why ductile iron may in some 
manner assume the nature of steel, if it be smelted with black 
lead under a cover of powdered charcoal. 

The habitudes of the different varieties of iron that have till 
now occupied our attention are not confined within narrow 
limits; and for this reason there are innumerable gradations to 
be met with, beginning from the black crude iron, to the most 
pure and ductile bar iron. 3 

The knowledge, treatment, and modifications of ‘iron in’ its 
different states have great influence on the happiness and power 
of nations. The perfection of iron-works follows the degree of 
the civilization of man. Under the form of cast-iron, it serves 
to construct numbers of machines and utensils. In bar-iron it 
serves for innumerable purposes: it unites force and resistance 

’ ‘to flexibility and spring. In steel it is fitted not only for the 
grossest purposes of mechanical machinery, but also for those 
which are the nicest and most delicate, as we see in the instru- 
ments of anatomists, engravers, &c. for which uses the other 
metals, on account of their inferior hardness, cannot be employ- 
ed. The capability of acquiring the still inexplicable property, 
called the magnetic power, has given birth to an important in- 
strument, which has opened inexhaustible sources of industry 
and wealth to nations—the mariners compass; yet in its non-me- 
tallic state its uses are many and incalculable. ‘For instance it is 
capable of yielding the most beautiful colours, Prussian blue, 
black dyes, &c. In medicine it renders services equally nume- 


rous and important. 
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SECT. II. 


EXPERIMENTAL PROOFS © 
| OF kn ber 4 
THE PROPERTIES OF IRON. 
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ExpveriMentT J. 
Iron combines with sulphur by heat. 


| Mix one part ‘of iron filings with two of sulphur, and fuse 
the mixture in a covered crucible as quickly as possible. The 
product will be sulphuret of iron, which is of a black, or very 
deep grey colour, brittle, and remarkably hard. — 

Sulphuret of iron may also be formed by applying a roll of 
sulphur to the end of an iron bar brought to a white heat; both 
of them will be fused, and the sulphuret will fall down in drops. 

When sulphuret of iron is reduced to powder, and moistened 
with water, the sulphur is gradually converted into sulphuric — 
acid by absorbing oxigen, while at the same time the iron 
becomes oxidated. (See vol. I. p. 227). | 


EXPERIMENT II. 
Iron enters into combination with phosphorus. 


Mix equal parts of iron filings, and glacial acid of phosphorus, 
and fuse the mixture in a covered crucible, with half part of 
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charcoal powder. A very brittle button will be obtained, white 
‘on the fracture, and having a striated and granulated appearance: ~ 
it sometimes crystallizes in rhomboidal prisms. This is phos- 
phuret ofiron. , 

- Jt may also be formed without the interposition of charcoal, 
by merely fusing together equal parts of glacial acid of phos- 
phorus, and iron filings. 

RaTronatg...In the first case the charcoal subtracts the oxigen 
from the phosphoric acid, and re-converts it into phosphorus, 
which, in its nascent state, combines with the jron; in the 
second case part of the iron combines with the oxigen of the 
phosphoric acid, and becomes vitrified, and the rest forms the 
phosphuret, which sinks to the bottom of the crucible. 


EXPERIMENT III. 
Tron decomposes sulphuret of antimony. 


Bring five parts of iron filings to a red heat in a crucible, 
and then introduce sixteen parts of powdered sulphuret of anti- 
mony. Expose the mixture to a sudden and strong heat, and 
the iron will attract the sulphur. When the mixture is thoroughly 
fused, project, gradually, one part of nitrate of potash in pow- 
der, which will greatly facilitate the separation of the scoriae 
from the antimony. The product will be antimony in its metallic 
state, which does not contain iron. If, however, one part of 
iron be made use of with two of sulphuret of antimony, a little 
iron will remain united with it. This was formerly called martial 
regulus. | 


~ 


EXxPerRIMeEnT IV, 
Combination of iron with mercury. 
; r r 


Though iron combines with most metals, its union with 
mercury could not be.effected until lately, Mr..Arthur Aikin 
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bisconstelt ‘in producing an. altog of ‘iron and merctury.* The 
method which ‘this gentleman recommends -for that purpose 
consists in uniting an alloy of zinc and mercury with iron filings, 
and then adding muriate of iron, a decomposition now takes 
place, and there is produced a muriate of zinc, and an alloy of 
iron and mercury, which by ‘kneading, eat the aid of heat, 
assumes a metallic lustre. 


EXPERIMENT V. 


tron combines with oxigen in two. different proportions only. 


We have noticed already, (vol. I. p. 191) that iron burns with 
great splendor and rapidity in oxigen gas, and is at the same 
time converted into an oxid. But it is capable, by other pro- 
‘cesses, of cémbining with two different portions of oxigen, and 
these oxids are possessed of qualities essentially different from 
each other. These are the Llack, or the green; and the red, or 
~ the brown oxid of iron. . ; 

-To illustrate ‘this, let a bar of iron be brought to a red-heat ; 
on cooling, its surface will. be covered with thin scales, which 
separate by the blow of a hammer. If this process be continued, 
the whole bar may be converted into such scales, which are 
called forged scales of iron, or more properly, ‘black oxid of iron. 
This is an imperfect oxid Of iron; it contains about 27 per cent. 
_ of oxigen, and is obedient to the magnet. . 

If the imperfect oxid of iron, obtained in this process, be 
reduced to powder, and exposed to a white heat in a crucible, 
or under a muffle, stirring it frequently, it will become reddish 
brown. This is the red, or brown oxid of iron. Itis a perfect 
oxid, containing about 48 per cent. of oxigen, and is not affected 
by the magnet. This oxid, ignited with charcoal, loses part of 
its oxigen, and becomes re-converted into the black oxid of iron ; 


* Philosoph. Mag, 1802. No. LIT. p. 406. 


’ 
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the same is the case when submitted a the action of sulphurated 
hidrogen gas. 

_ The black; or green oxid of i iron, may ace be. obtained by 
keeping iron filings for a length of time in water, at a tempera- 
ture of about 70°. The oxid thus formed is a black powder, 
formerly known by the name of martial ethiops. It. is likewise 
obtained by making steam pass through a red-hot iron tube, or | 
by burning iron in oxigen gas, or by decomposing a solution of 
sulphate ef iron by the addition of potash, and drying the preci- 
pitate expeditiously in a close vessel. 

The red, or brown oxid of iron, may also be formed by keeping - 
iron filings red-hot in an open crucible, and agitating them con- 
stantly, till they are converted into a dark red powder, formerly 
called astringent saffron of mars. 

It may also be produced by exposing a solution of iron in sul- 
phuric acid, for a long time to the atmosphere ; or rather by 
pouring into it nitric, or oxigenated muriatie acid, 

Remark...We are indebted to Proust for an excellent memoir 
concerning the combination of oxigen with i iron; in which he 
has illustrated in a very satisfactory manner, that metals are not 
capable of indefinite degrees of oxidation, but only of a certain 
number, and that every particular oxid consists of a determinate 
quantity of the metal, and oxigen chemically combined. 

The metal under consideration for instance, is not capable, as 
was formerly supposed, of uniting with oxigen in all the inter- 
mediate degrees, between 0.27, and 0.48. 3 

It can only combine w ‘ith, precisely, 0.27 parts, or 10. 48 parts, 
and with no other proportion; and therefore is only capable of 
forming the two oxids considered before. 

To talk therefore of oxidating a metal indefinitely i is not. ac- 
curate, except it be intended to signify the combining of part of 
it with oxigen, while the rest remains in its natural state. 2 

If, therefore, iron be oxidated at all, it must be combined with 
0.27 of oxigen; if it be oxidated more than this, it must. be 
combined with 0.48 of oxigen. 
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In like manner evety other ‘metal, as we have seen already, 
combines. with certain proportions of oxigen, and forms either 
two or more oxids, according to its nature. 

Whenever metals are capable of forming more than one oxid, 
it is only the first oxid, or that-which contains a minimum of 
. oxigen, which is formed by the direct combination of oxigen 
with,the metal, for oxigen is capable of uniting with metals, or 
with any other’ substance for which it has an as Wo only in 
one determinate proportion. . | 

Iron, for instance, and oxigen can only combine in the pro- 
portion of 73 parts of iron, and 27 of oxigen. These two 
quantities saturate each other, and form a compound which is_ 
incapable of receiving into it any more oxigen or iron: this com- 
pound is the Llack or green oxid of iron. 

How comes it then, it will be asked, that there is another 
oxid of iron, the brown, or red ovid, which contains 52 parts Ge 5. 
iron, and 46 of oxigen, proportions cer tainly very different from 
73 and 27? Because there is an affinity between the green and 
black oxid of i iron and oxigen. They are capable of combining ta- 
) gether, and of saturating each other in the proportion of about 7 7 1.5 
parts of black oxid, and 28:5 of oxigen; and the compound which 
they form is the brown, or red oxid, which of course contains 52 
parts of iron, and 48 of oxigen: But then it is not formed by 
the combination of these two substances directly, but by the 
~ combination of the black oxid and oxigen. In like manner lead 
and oxigen combined form grey oxid of lead, (page 110) ; grey 
oxid of lead and oxigen combined form white oxid; white oxid 
of lead and oxigen combined form red oxid ; which last oxid,: 
when combined with oxigen, forms the brown oxid of lead. 

_ That this is the case, cannot be doubted, if we consider that, 
in general, every one of these successive doses of oxigen is 
, retained by a weaker affinity than the dose which precedes it. 


Thus the brown oxid of iron is composed of i iron, and two doses 
Vou, II. ey ey th 


i 
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of oxigen. The first dose amounts to 0.37, the second to 0.56 
of the iron. Consequently, iF 
Irons ‘Oxigen. Black oxid. ; 
1 + 0.37 = 1 37 Oxigen. Brown oxid. 
1.37 + 0.56 = 1.93. ) 
If the second dose of oxigen be abstracted, there will remain 
behind 1.37 of black oxid. If both doses be abstracted, there 
will remain behind 1 of pure iron. If both these dosés adhere to 
the iron with the same force, it is obvious that every substance 
_which is capable of abstracting one of these doses would be capa- 
ble also of abstracting both, provided it be employed in sufficient 
quantity. But it is a fact that many substances are capable of 
abstracting the second dose of oxigen, which have no action on - 
the first dose. en 3 

If hidrogen gas, for instance, be made to pass through brown 
oxid of iron, heated to redness in a porcelain tube, it converts it — 
into black oxid of iron, and consequently deprives the iron of 
its second dose of oxigen. But it produces no change upon the 
black oxid in~-similar circumstances. Hidrogen gas is therefore. 
capable of depriving iron of its second dose of oxigen only. 
These observations apply equally to the oxids of other metals. 
The subject is of the highest importance, and must be more 
fully investigated before the action of the metals and their oxids 
apon oxigen and upon each other can be understood. 

For if equal parts of iron, and the red oxid of iron, are heated’. 
together, the whole is converted into the black oxid. This is 
the case, because the iron having a stronger affinity for oxigen 
than that of the red oxid for its second dose, the oxid is deprived 
of that quantity of its oxigen, and they are both converted into: 
iron,’ oxidated at its minimum or black oxid of iron; but 
whence arises a sufficiency of oxigen to oxidate the whole of the 
iron? 


- metallic state in the bottom of the crucible. 
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If we' suppose 193 parts of red paid: and 198 parts of iren to 
be heated together : 193 parts of red oxid are composed of 137 
black oxid 44 56 oxigen: 193 parts of iron, to be converted into 
black oxid, require 71 parts of oxigen; but the second dose, 
which they can alone attract, consists of only 56 parts, conse- 
quently 15 parts of oxigen are wanting. This small portion must 
either be supplied by the atmosphere, or 55 parts of the iron 
must remain uncombined with oxigen. * ia 
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As to the manner of assaying iron otes, for the purpose of 
- making a calculation of the quantity of metal which may be ex- 
tracted from the ore, if to be wrought on a large scale, the 
following methods have been found to answer the end very ac- 
curately : 

A certain quantity of the ore which is to-be assayed, is first 
reduced to’ small particles, and torrefied by a gentle heat, not” 
stronger than is required to separate the moisture, and to vola- 
tilize the sulphur, if the ore contains any, which is easily per- 
ceived by the smell during the torrefaction. When the moistufe 
and sulphur are separated, four parts of the remaining ore is to 
be mixed with an equal quantity of common salt, or muriate of 
soda (which has teen previously deprived of its water of crystal- 
lization by stirring it in a flat earthen vessel over fire) and with 

‘the same quantity of a mixture of equal parts of fluor spar 

and lime, and half a part of charcoal. This mixture is kept red 

hot in a crucible covered with charcoal, for 3 of an hour, after _ 

which the iron contained in that quantity of ore is found in a 

Or, four hundred grains of sub-borate of soda, 40 grains of 

- slacked lime, and 200 grains of the ore to be assayed, are mixed 
12 


* This is a proof that the proportions of oxigen in the oxids are not yet accurately - 
ascertained. Indeed, from the very nature of the experiments, pains: but ap 
proximations can be expected, 
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together. The mixture is pulverized, and placed:in a lined cru- 
cible, which is to be covered. ‘The heat of a forge-furnace is 
then sufficient to effect the reduction of the metal, which is at 
nerally done in the course of half an hour. 

The moist or humid way of assaying the ores of iren, is pleaded 
with more difficulty. The following method is the most simple : 
A certain quantity. of iron ore is reduced to powder, and digested’. 
with about six parts of muriatic acid, which takes: up the iron, 
and such earths as are soluble in that acid, and leaves the silex and 
the sulphur behind; after which, the solution is to be saturated’ 
with potash, (or if. the ore contains any copper, with ammonia): 
which precipitates the iron in the state of an oid, along with 
the dissolved earths; the precipitate is then well dried, and 
strongly heated to redness, after which, it is pulverized, and 
put in digestion with diluted nitric acid, which then takes up all 
the earths, together with the other heterogeneous substances,- 
and leaves the iron behind, which, on account of its being so 
highly oxidated, lcses its solubility in that acid; it is then well 
washed, freed from the acid, and afterwards recovered by char- ' 
coal, or any other inflammable matter which has a stronger 
affinity to’ the oxigen than the iron; the metal found in the 
‘bottom of the crucible, indicates the’ proportion of the metal — 
contained in a given quantity of the ore. 

Arseniate of iron was analyzed by Mr. Chenevix in the fol- 
lowing manner: One hundred parts of it were boiled with 
potash till the arsenic acid was separated. Nitrate of lead was 
mixed with the solution; 100. parts of the precipitate indicated 
33 of arsenic acid. That portion of the ore which eluded the 
action of the potash was treated with muriatic acid ; the undis- 
solved residuum was silex. The muriatic acid was super-satu- 
rated. with ammonia. The iron precipitated; but the copper 
was. dissolved. by the ammonia.* | 


* Phil, Trans. 1801, p. 219. 
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PART LII. 


SECT. I. 
: | 
_ NATURAL HISTORY OF COPPER. 


\ 


——— ane * 


oe Geet is ida in the earth i in various mise: It is fund 
native, (native copper) possessing the red colour, malleability, 
and many of its other properties; it is however not quite pure, 
but generally mixed with a minute portion of gold or silver. 
~ This ore is found of an indeterminate figure, in solid and com- 
pact masses ; sometimes in plates and threads, which assume 
_a variety of forms. It crystallizes in cubes. It then is flexible. 
It has much metallic spatre. It is found in many parts of 
Europe. | 

Copper ores are e very numerous. © Copper combined with oxi- 
gen forms oxid of copper, or the carthy copper ore, (mountain 
blue.) United to carbonic acid it constitutes the hepatic copper 
ores, (mountain green,) &c. The compact ore of this. kind is 
termed malachite. a8 

13 
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This ore generally exhibits a very fine grass-green, emerald- 
green, or apple-green colour. It is found in solid masses of an 
indeterminate shape. Ithas often a beautiful sattin-like appear- 
ance, or silky lustre. / : Pi 

It also exists mineralized by the muriatic acid, sulphuric acid, 
arsenic acid, &c. Copper mineralized with sulphur is called 
vitreous copper ore. Its colour is generally lead-grey. Com- 
bined with sulphur and iron it forms the azure copper ore and all . 
the varieties of copper pyrites: Mineralized with sulphur, arse- 
nic, iron, and zinc, it constitutes the brown or Llendose copper 
ores, of which there are many varieties. Copper mines are 

abundant in Britain, Germany, &c. : 


PROPERTIES OF COPPER. 


6 


Pure. copper is of a rose-red colour, very sonorous, yery tena- 
cious, “ductile, and malleable; of a considerable compactness ;, 
moderately hard and elastic... Its texture is granulated, and sub- 
ject to blisters. It crystallizes in quadrilateral pyramids. Its 
specific gravity is between 7.788 and 8,584. When rubbed it © 
emits a disagreeable odour. It melts at 27° of Wedgwood’s 
pyrometer. At a higher temperature it burns with a beau-: 
tiful green flame. It isa good conductor of caloric, of electricity, 
and of galvanism, — Exposed ‘to the air it becomes brown and at 
last green by absorbing carbonic acid. When heated it turns 
blue, yellow, violet and brown. It readily fuses with phospho- 
rus and unites to sulphur when finely divided by mere trituration. 
It does not decompose water at the temperature of ignition. It 
is acted on by the greater number of the acids. Nitric acid acts 
on copper with great vehemence. Sulphuret of potash combines 
with it in the dry and in the humid way. It is capable of alloy- 
ing with the greater number of the metals. With zinc it forms 
the compound metals called brass, pinchbeck and others: with 
tin it forms bell-metal and bronze. It unites to the earths _ 


"oS 


METHOD OF OBTAINING COPPER. 135 


‘merely in vitrification. Liquid ammonia causes it to oxidate 
quickly when air is admitted. It decomposes muriate of am- 
‘monia and red sulphurated oxid of mercury by heat. It is 
poisonous to the human constitution. | 


METHOD OF OBTAINING COPPER. 


. | * 

Copper is procured from its ores by different processes accord- 
ing to the nature of those ores. If they contain much sulphur, 
after being pounded and washed, they are roasted in the open air 
to dispel the sulphur. The ore is afterwards roasted once or 
twice more, and is melted in an open fire into a mass, called a 
mat of copper. . In this state it still contains a large quantity of 
sulphur, which the workmen continue to expel by repeated roast- 
ings and fusion, till the metal acquires a certain degree of purity, 
and is called black copper, which is somewhat malleable, but 
still contains sulphur, iron, and in general some other impuri- 
ties. In order to get entirely rid of these, the copper is hastily 
fused with three times its weight of lead. The lead unites with 
the copper and expels the iron; and the rest of the metals which 
happen to be mixed with the copper are thus expelled. The 
copper is afterwards refined by keeping it heated in crucibles. 
for a considerable time, so that it may throw up all the fo- 
"reign substances it still contains in the form of scoriae. It is 
examined from time to timé by immersing iron rods into it, 
| which become coloured with a small quantity of copper, and its 
purity is judged of by the brilliant redness of these specimens. 
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_ EXPERIMENTAL PROOFS 


~ 
} 


OF 
THE PROPERTIES OF COPPER. 


\ 


ExPERIMENT I. 
. Copper dissolves readily in diluted nitric acid: 


(Preparation of nitrate of copper.) 


Ler copper filings. be dissolved in a sufficient quantity of nitric 
acid of a moderate strength; when no further effervescence en- 
-sues.boil the acid gently upon the copper, until a pellicle appears. 
Decant the solution and evaporate it slowly, and when a strong - 
pellicle is formed suffer it to crystallize. ‘The salt thus obtained 
_ is of a fine blue colour. vs 


Experiment II. s 


Action of liquid ammonia on copper. 


A singular phenomenon which attends the action of liquid 
‘ammonia on copper has long attracted the notice of chemists. 

If a bottle, provided with a ground stopper, be filled. quite 

t,. full of liquid ammonia, and some copper filings be introduced, 
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and the bottle immediately stopped without including any air, 
no solution will take. place? On the contrary, if the bottle be 
left open for some time, and then closed, a solution is effected, 
which is absolutely colourless, but turns blue on. re-opening the 
bottle, beginning at the surface and gradtally extending down- 
wards through the whole mass. Again, if this blue solution has 
not been too long exposed to the air, and fresh copper filings be 
put m;° stopping the bottle again, the solution i is deprived of all 
its tinge, and recovers its colour only by the admission of. air. 
And this effect may be produced repeatedly. | 
- Ravioware.. Metallic copper, as such, is not acted upon by 
liquid ammonia, but is soluble when oxidated. ‘This oxidation 
is effected by the influence of oxigen gas when atmospheric air 
is admitted. Hence, when the copper is no farther oxidated 
than is necessary for solution, this is colourless; but it acquires 
a blue colour when the metal is oxidated in a higher degree. It 
is also ohvious that this azure colour is again destroyed by the - 
addition of more copper filings and exclusion of air, as the newly 
. added metal deprives that which was contained in the solution in 
an oxidated state of its super-abundance, of oxigen in order to be 
pied also in the liquid. ‘ 


_ Experiment III, 


Copper combines with phosphorus. | 
Crease of phosphuret f copper.) 


_ Mix together equal parts of fine copper flings and_ glacial 
acid of phosphorus, add one-eighth part of charcoal-powder, and 
then fuse the whole in a Hessian crucible. .The product will be 


a metallic button of a whitish appearance, which sometimes 
exhibits the prismatic colours, — 
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EXPERIMENT IY. 
' Copper combines with sulphur both in the wet and in the dry way. 
A Preparation of sulphuret of copper.) 


Take equal quantities of copper filings and sulphur, and hav- 
ing formed them into a soft paste, by the addition of a sufficient 
quantity -of water, expose the mixture to the air; lixiviate it at 
the end of some days, and sulphate of « <OpP es will be obtained 
by crystallizing the lixivium. 

A sulphuret of copper may be Setainod by Duiiie. into a 
crucible alternate strata of thin plates of copper and sulphur in 
powder. The crucible is then to be exposed to a gradual heat, 
in a furnace,. till no more vapours issue from it. Keep the cru- 
cible in a dull red heat for an hour, and then suffer it to cool. 
The product will be a sort of copper slag, brittle, and of an 
iron colour, which when worked exhibits the colour of green 
oxid of copper. 


EXPERIMENT ‘V, 


Copper unites readily with xinc, and forms & compound, 
called brass. 


Brass is produced by the following processes : Put into a cru- 
cible four parts of granulated copper and twelve of zinc, and 
nearly fill the crucible with charcoal-powder, cover it and bring 
it briskly to a red ae the copper will unite with ae zinc and 
form brass. . 

If plates of copper ‘ cemented with native oxid of zinc re- 
duced to powder, and mixt with charcoal also in powder, by 
bringing the mixture to a red heat in a covered crucible, the, 
copper and zinc will unite and likewise form brass. 

Brass is made in the large way by a process similar to this. 


t 
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Tombac is obtained in a like manner by fusing bbehitior in a 
crucible twelve parts of copper and three of zinc. 

Gun-metal is said to consist of copper alloyed with one tenth 
part of tin. 

Bell-metal is copper alloyed with about one-sixth. of tin; it 
may in general bé observed that a less proportion of tin is used 
for making church-bells than clock-bells, and that a little zine 
is added for the bells of repeating watches, and other small bells. 

The metal of which cocks are in general. made is copper: al- 
loyed with zinc and lead. 


EXPERIMENT VI.— 
Concentrated sulphuric acid only acts upon copper at elevated 


' temperatures. 


Pour upon one ounce of copper filings in a matrass, two 
ounces of concentrated sulphuric acid, there will be no action in 
the cold; but if the matrass be placed on a sand-bath, and'a de- 
gree of heat applied nearly sufficient to make the acid boil, the 
copper will be gradually dissolved and sulphureous acid gas will 
be a Ria . 7 


| Experiment VII. 4 


Copper unites with arsenic acid, and forms a compound, called 


bse ory 


This echo is ets by Pitas aN sulphate of copper by 
the arseniate of potash, in the following manner: _ | 
Dissolve potash in water with heat; add white oxid of arsenic. 
or arsenic acid to the point of saturation, and filter the liquor. 
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Then take a warm solution of sulphate of copper and pour it inte 
the arseniate of potash; a little only must be added at a time, - 
and it must be continually stirred with a glass rod. Leave the 
mixture at rest till a precipitate is formed; then decant the li- 
_quor, and having washed the residuum repeatedly in warm 
water, filter it and leave it to dry. By this process a beautiful 
green colour is obtained. . 

As this colour is net spokide pet by air, it ‘is a in 
painting. | 

Experiment VIII. 


Preparation of blue verditer. 


‘To a solution of nitrate of copper, add pulverized lime, and 
shake the mixture to facilitate the decomposition. A little ex- 
cess of nitrate of copper should be used, that the whole of the 
lime may be saturated, and that the precipitation formed at the 
moment of mixture may be a pure precipitation of .copper; the 
precipitate is suffered to settle, after which the super-natant: 
fluid is decanted, and the residuum being repeatedly washed, is 
deposited on a piece of cloth to drain. ' 

It is from this precipitate, which i is of a delicate green colour, 
that the blue verditer is-prepared. 

For this purpose grind it on a colour-stone or in a large 
- mortar with a little quick-lime. This mixture acquires, in a 
moment, by trituration a-very, lively blue colour... The quantity 
of lime necessary is about four or five per cent. of the precipitate. 7 

If the precipitate is too dry, add a very small quantity of 
water, in order that the mixture may form a paste somewhat 
liquid, and easy to be pounded. 

The whole must be afterwards dried. 

Remanx...There are two kinds of eentiter in the market; 
the one, called refiners verditer, has the form of a very soft, im- 
palpable powder, and possesses a stronger body of colour than 
the other, which is in harsh, irregular lumps, not erly diffu- 
sible i in, water. 
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The best verditer is at present made only by the refiners, they 
obtain the nitrous solution of copper at a cheap rate during the , 
process of parting; the value of the article not admitting of the 
direct application of nitrous acid to copper. ‘The common ver- 
diter is made by decomposing sulphate of copper by means of 
lime. A comparative analysis of both articles has shown that 
‘the verditer obtained in this manner is always contaminated with | 
a considerable quantity of oxid of iron and sulphate of lime; 
_ both admixtures arising probably from the impurity of the sul- 
phate of copper employed, and the difficult solubility of the sul- 
phate of lime formed in the process. These objects are well 


worthy of being attended to, for the article is of considerable 
commercial importance. 
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In order to analyze sulphuret of copper, let one part of the 
‘ore, reduced to powder, be digested, or extracted, with three- 
or four of nitric acid by heat, as long as it will take up any of 
the‘ore; then filter the whole, and wash the insoluble residue, 
which for the greatest part consists of sulphur. Its quantity may 
be ascertained by subliming it by heat, or by burning it in the 
open air, It becomes thus partly converted into sulphuric acid. 
The residue may be diluted with water, and then decomposed 
by the addition of nitrate of barytes. ‘Fhe insoluble precipitate, 
when dry, contains 14.5 of sulphur. on | 
I order to separate the iron, let the solution be boiled down 
to dryness, re-dissolved in nitric acid, and evaporated to dryness 
again repeatedly, the iron will then be separated in the form of 
a red oxid when water is added to the. solution. To ascertain 
the quantity of copper which was contained in the ore, the solu- 
_ tion from which the iron is separated must be decomposed by 
the addition of a solution of potash. The precipitate, after being 
dried in a red heat, is black oxid of copper. One hundred parts 
_of it contain 80 of metallic copper... ; 
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Red copper ore may be dissolved in muriatic acid, and then im- 
mersing into this solution polished plates of iron, sé long as 4 film 
of copper is precipitated upon them. 98 parts of the precipitated 
copper being natalie to 100 of the oxid of which the ore is 
composed. 

Arseniate of copper was daalvend be Chenevix * in the follow-. 
ing manner : | 

The ore was divtcivcd in diluted nitric acid, and then decom- 
posed by nitrate of lead. The solution was evaporated till a 
precipitate began to appear, and then mingled with alcohol. The 
product which became precipitated was arseniate of lead; 100. 
parts of which indicate 33 of! arsenic acid. The copper must 
then be separated from the nitric acid by pent it with potash 
as directed above. | 

Native copper sometimes contains gold, silver, or iron. If 
the ore therefore be dissolved in nitric acid, the gold will not be 
acted upon by this acid, but the other metals will be dissolved. 
‘The silver may be separated by immersing into the solution 4 
polished plate of copper, (or it may be precipitated from a SMe 
portion of the solution by muriatic acid, or common salt) ;. 
iron may be separated by boiling the solution ‘to dryness, le 
treating the residuum with water. By this process the nitrate of 
iron is decomposed; the oxid of iron remains while the water 
dissolves the nitrate of copper. This nitrate may be decornposed 
by boiling it with potash, and its A Scsrighee of metal estimated as 
stated above. 

In order to obtain pure copper, let the copper of conimerce 
be dissolved in muriatic acid, and precipitate it by a polished 
plate of iron; or the black oxid of copper obtained by decom- 
posing cuprated ammonia may be melted with its own weight 
of pounded glass and pitch. | 


#* Philosoph. Trans. 1801; p. 195: 
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. Class V....EXCEEDINGLY DUCTILE AND DIFFICULTLY 
OXIDABLE METALS. 


SILVER: 


PART LIU. 


SECT. I. 


NATURAL HISTORY OF SILVER. - 


— eS 
"Tuts metal is found both native and mineralized, and com- 
bined with lead; copper, mercury, cobalt, sulphur, arsenic, &c. 
The principal ores of this metal are the following: Native silver; 
_antimoniated silyer, sulphuret of silver, sulphurated oxid of 
silver and antimony, muriate of silver, native oxid of silver, 
&c. It is found in different parts of the earth. The mines of 
the Erzgebiirge or the metalliferous tocks of Mexico and Potosi, 
Bohemia, Norway, Transylvania, &c. are the richest. 
Native silver possesses all the properties of ‘this metal, and it 
_ appears in series of octahedra inserted in one another ; in small 
capillary flexible threads intwined together; in ‘plates; or in 
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masses. The colour of’ native silver is white, often tarnished. 
Silver alloyed with gold forms the auriferous native silver ore: 
The colour of this ore is'a yellowish white. It has much me- 
tallic lustre. The antimoniated silver ore belongs to this class. 
Silver combined with sulphur; forms the sulphurated oxid of 
silver, or vitreous silver ore. ‘This ore occurs in masses, some- 
times in threads, and sometimes crystallized in cubes or regular 
octahédra. Its colour is dark bluish grey, inclining to black. 
Its fracture is uneven, and its lustre metallic. It is soft enough 
to be cut with a knife. It is sometimes found alloyed.with an- 
timony (grey silver ore.) Silver united to muriatic acid forms 
the corneous silver ore (mitriate of silver,) which appears under 
different colours and shapes. Silver united to oxigen constitutes 
the calciform silver ore, of which there are several varieties. The 
colour of these ores is a lead-grey, or gréyish black. They oc- 
cur massive, disseminated, and crystallized. — 

Germany, and other countries of Europe, but more especially 
Peru and Mexico in South America, contain the principal silver 
mines. There are, however, silver mines in Ireland, aire f 
France, “and many other parts of the world. 


. PROPERTIES OF SILVER. 


Pure silver is very brilliant, white and sonorous. It is the 
‘most splendid of all the metals, Its specific gravity is from 
10.474 to 11.091 according to the state of its density. It is 
exceedingly ductile and tenacious. It may be beat out into 
- leaves only zedoos part of an inch thick, and drawn into wire 
the thousandth part of an inch thick. It melts at 28° of Wedg- 
wood’s pyrometer. Exposed to a temperature considerably 
higher it becomes volatilized. Atmospheric air. has no effect 
upon it except when it contains sulphureous vapours, sulphurat-_ 
ed or phosphorated hidrogen gases. It unites to phosphorus and 
sulphur. It anehye unites with the brittle acidifiable ee F 


4. 
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but it readily enters into combination with the greater number 
of the other metals. With gold it forms what is termed green 
gold. Copper renders it harder without much impeiring its duc- 
tility. Mercury and silver combine. and form a crystallizable and 
fusible alloy. It unites with the rest of the metals except co- 
balt and nickel. It is oxidated and dissolved by several of the 
acids. The nitric acid attacks it rapidly in the cold. The sul- 
phuric acid requires a boiling heat, ‘The muriatic acid does not 
act upon. it.. The acid solutions of silver are decomposable by the 
alcalies, earths, and by the greater number of the metals. 


METHOD OF OBTAINING SILVER. 


Different methods are employed in different countries to ex- 
tract silver from its ores. In Mexico, Peru, &c. the mineral is 
pounded, roasted, washed, and then triturated with mercury in 
vessels filled with water. A mill is employed to keep the whole 
in agitation, The silver combines by that means with the mer- 
cury.. The alloy thus obtained is afterwards washed, to separate 
any foreign matters from it,‘ and then strained and pressed. 
through leather, This being: done heat is applied to drive off 
the mercury from the silver, which is then melted and cast into 
bars or ingots. : . . 

In order to extract silver from sulphurated or vitreous silver 
ore, the mineral is roasted, and then melted with lead and borax, 
or some other flux to assist the fusion. By the first operation 
the sulphur is yolatilized, and by the second the silver is ob-- 
‘tained, though for the most part alloyed with the other metals, 
from. which it is separated by cupellation, or fusion with: lead or 
bismuth. . 
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SECT. II. 


EXPERIMENTAL PROOFS 


| OF | 

THE PROPERTIES OF SILVER. 
Be ema ieels — 
EXPERIMENT I. > 


‘ Silver unites to phosphorus by fusion. - 
-(Phosphuret of silver.) 


Mix two parts. of glacial acid of phosphorus and one of 
silver filings, with half a part of charcoal dust; introduce the 
mixture into a crucible, placed in a forge or furnace, and feeds 
it toa red heat for about anhour, 
When the fusion is complete, the silver appears at the bottom: . 
_of the crucible in the middle of the fused acid and small jets of * 
phosphorus project themselves from it ;_ remove the crucible into 
the open air and the metal will speedily cease to be fluid. The 
“ button obtained is phosphuret of silver, from which the phos- 
phorus may be again separated by heat, bE eave the silver very 


pure, 
uvetanoen Ik; 


Silver unites to sulphur. 
Capel of silver.) 


Put plates of silver He sulphur reduced to powder into a cru- 
Sale in alternate ue beginning with a stratum of sulphur, 


\ 
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and finishing with the silvér; cover the crucible, place it among 
| burning coals and bring it to a red heat as speedily as possible. 
The two. substances will thus be combined, and the result is a 
mass of a dark violet colour, much more fusible than silver, 
brittle and disposed in needles. , This is sulphuret of silver. 


~ 


Experiment III. 


Silver « enters into combination soit sulphuret of potash i in the 
: dry way. ‘ 
_ Fuse together, in a erticible; one. part of. silver and four of 
-sulphuret of ‘potash; stir-the mixture frequently and when it 
is well fused, pour it on a smooth stone, which has been rubbed 
with a little grease. _ | | 
This compound is soluble in water and the combination of the 
silver with the sulphuret is so intimate that it ‘rn pass through 


bibulous paper. | 


Experiment IV. 5 
Silver unites to mercury with great facility. 
| Triturate in.a marble mortar, one part of silver leaf and seven 
of mercury ; the oe will be an alloy hii wai but little con-. 
sistence. 

A similar combination may be effected by using aitvet filings ; 

but in that case the trituration must be made in a warm mortar. 
Remarks... This amalgam assumes a regular form by fusion and — 

cooling slowly. | 
The mercury acquires a egress of fixity in this sort of combi- 
“nation; for it requires a much greater heat to separate it from. 
the silver, than is: necessary to volatilize it alone. ; } 
Ki 2 as 


148 PROOFS OF THE PROPERTIES OF SILVER. 


EXPERIMENT V. 


Silver decomposes concentrated sulphuric acid, at a boiling heat. 
Put one part of silver filings into a retort, pour over‘it six 
of concentrated sulphuric acid and heat the mixture over a lamp; 
_the acid will be decomposed and sulphureous acid gas will be 
obtained. The residue in the retort is sulphate of silver, which 
by solution in a large quantity of boiling water, and evaporation. 
may be obtained in the form of small needle-shaped crystals. 


7 


EXPERIMENT VI. 
_ Silver is dissolved by nitric acid, with great rapidity. 


Pour nitric acid of a moderate strength, upon some silver in 
a Florence flask ; an effervescence will take place, the ‘metal will 
be dissolved and nitrous gas will be liberated copiously. If both 
_ the silver and acid were perfectly pure, the solution will be co- 
lourless, but if otherwise, it will have a milky or greenish hue. 
If the solution be evaporated it shoots into tabular or scaly cry- 
stals, called nitrate of silver. ; 
Remark...A solution of nitrate of ieee stains animal ahd 
vegetable substances a deep black; and the colour produced i 1s 
exceedingly permanent, hence it has been applied for the staining 
of human hair; but when thus made use of, it should be very 
much diluted, and used with great caution, on account of its 
corrosive property. | 
The article known by the name of iaetalal des or permanent, 
marking ink for marking linen, wearing appar rel, &c. consists of 
a solution of nitrate of silver, thickened with a little gum arabic. 
The fluid known by the name of silver-test, for detecting 
counterfeit silver coin is a sen OR of standard silver considerably 
diluted. 
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Experrment VII. : 


Muriatie weit! does not attack silver, but Pe isdabes it from 
its solution. ' 

, Let fall some muriatic acid into a solution of nitrate of silver, 
a white curdy precipitate will be instantly formed in great abun- 
dance. This precipitate is decomposed by light, for if it be ex- 
posed to the direct rays of the sun, the white colour will be 
changed to brown and afterwards to black. If fused by a gentle 
heat it forms a semi-transparent mass of the consistency of horn ; — 
hence it was formerly called Water but now more properly 
muriate of silver. . an 

Remark...To reduce muriate of silver, let one part of it be 
mixt with three of soda, and exposed to a white heat. When 
the mixture is well fused, suffer it to cool; then break the cru- 
cible, and separate the silver from the muriate of soda which has 
been formed. . The silver obtained by this means is exceedingly 
PUTEse fos | 


EXPERIMENT VIII. 


_ Preparation of ammoniated oxid of silver. 
(Berthollet’s fulminating silver.) 


Dissolve fine silver in pale nitric acid and precipitate the solu- 
tion by lime water; decant the fluid; mix the precipitate | 
with liquid ammonia and stir it till it assumes a black colour ; 
then decant the super-natant fluid and leave it in the open air to 
dry. This product is fulminating silver, invented by Berthollet, — 
which when once obtained cannot be touched without producing 
a violent explosion. It is the most dangerous preparation known ; _ 
for the contact of fire is not necessary to cause it to. detonate. 
It explodes by the mere touch of any substance. Its very pre- 

K 3 


/ 
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paration is so hazardous, that it is not to be safely attémpted 
without a mask with strong glass eyes upon the face. No more 
than a single grain will admit of exhibiting its effect, and even 
_ that quantity must be approached with caution. A larger Ay 
tion cannot be exploded without imminent danger. — 

Ratronate....The detonation of this compound is to be as- - 
cribed to the hidrogen of the ammonia suddenly combining with © 
the oxigen of the metallic oxid, and forming aqueous vapour, 
which is disengaged with. the nitrogen gas; the elasticity of 
both the gases is augmented by the caloric which is disengaged. 
No explanation has yet been given why its force is so much 
greater than that of fulminating gold; but it is probably owing 
to the silver when in the state of an oxid containing more oxigen 
than the gold, and to this oxid combining with a larger portion 
of ammonia; hence, in the sudden combination, more aqueous 
vapour and nitrogen gas will be disengaged. 

Remark...If the fluid which is separated from the precipitate 
be slowly evaporated, crystals are formed which explode more 
violently than the precipitate; a few grains of them cannot be 
touched without hazard of life. 


EXPERIMENT IX. 
A 
Preparation of hyper-oxigenated muriate of silver. 


‘ 


~ 


(Chenevix’s fulminating silver.) 


Mr. Chenevix has lately invented.a fulminating silver which is 
more safe than the-former; for it explodes only by a slight fric- 
tion in contact with combustible bodies. It may be prepared. in 
the following manner : | | Tiere 

Diffuse a quantity of alumine through. water, and let a cur- 
rent of oxigenated muriatic acid gas pass through it for some 
time. Then digest some phosphate of silver ‘(obtained by pour- 
ing a solution of phosphate of soda into a solution of nitrate - 
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of silver) on the solution of the oxigenated muriate of aluminé,. 

and evaporate it slowly. The product obtained will be a hyper- 

oxigenated muriate of silver; a single grain of which, in con-_ 

tact with two or three of sulphur, will explode vee by the 
slightest friction. | 


/ 


EXPERIMENT X. 


si Bll Diane. 


Most metallic substances are capable of decomposing a nitric | 
solution of silver. The separation of this metal by mercury, on 
account of the phenomena which it ss has’ been called 

- ‘Diana’s tree, or Arbor Dianz. 

According to Lemery, dissolve one part of fine silver in weak 
nitric acid to saturation, and, having diluted this solution with 
about twenty parts of distilled water, add two parts of mercury. 

Homberg’s method is to make an alloy in the cold, of four parts 
of silver-leaf and two parts of mercury; to dissolve this alloy 
in a sufficient quantity of nitric acid, and to add to the solution © 
distilled water. : 

If we put into this liquor a small ball of a soft alloy of silver, 
a precipitation of the silver immediately takes place, 

Baumé gives, the following Saoneanct which wall be attended 
with more success: , 

Mix together six parts of a solution of silver aiid four of a so- 
lution of mercury, both made with the nitric acid, and com- 
pletely saturated; add to them a little distilled water, and put 
the mixture into a conical vessel, into which have been previous- 
ly introduced six parts of an alloy made of seven parts of mer- 
cury and one of silver. | | 

At the end of some hours there will 1 for a at the surface 
-of the small mass of alloy, a vegetation in the form of a bush. 

A process which succeeds better than any of the former, is to 
_dissolye three drachms and 48 grains of pure silver and half as 
much mercury, separately, in a sufficient quantity of pue nitric 

| ‘Ke 4". 
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acid. Mix the solutions, and add to them five-or six ounces of 
distilled water. ‘This must be poured upon seven drachms.and | 
12 grains of an amalgam of silver of the consistence of | butter, 
which had been previously put into a spherical vessel of white 
“glass. The vessel must be kept undisturbed, and in about 24 
hours a very beautiful silver-tree will be formed. 

Rationae...The mercury contained in the solution attracts 
that of the amalgam; the silver contained in the latter acts also 
on that which is held in solution; and the result of these attrac- 
tions is a speedier precipitation of the silver. The mercury, ’ 
which makes part of the amalgam, being more abundant than 
would be necessary for precipitating the silver of the solution, 
produces also a third effect, which is, that it attracts the silver 
by the affinity and tendency it has to combine ‘itself with that 
metal. | 

Remark...In order to obtaiu a beautiful vegetation, it is abso- 
lutely necessary that all the ingredients be of the utmost purity. 
A cylindrical or conical glass vessel is best suited for it. 


, 


Experiment XI. | 
Precipitation of silver ly copper. 
( Vegetation of silver on — slate, Sc.) 


Spread a few drops of a \éétdte of silver in nitric acid, upon — 
a smooth piece of slate, or on a plate of glass, by means of a 
camel’s-hair-pencil or feather; place at the bottom of it, in con- 
tact with the fluid, a copper or brass wire of about one sixteenth 
of an inch in diameter, and let the whole remain undisturbed in 
a horizontal position: in a short period of time-it will begin to 
vegetate. Then with a pencil draw a fluid stroke to any part of 
the glass or slate, in order to represent the body of a tree, and) 


‘ 
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at the bottom a stroke may be drawn for the ground. Having ~ 
done this, scatter a few clean brass filings over the whole. 

If on the plate of glass is carefully placed another plate of cop- 
per or brass, and held ina clear coal fire, till it becomes red 
hot, the whole will appear to be converted into a golden metallic 
vegetation. Under a glass magnifier, or microscope, this vege- 
tation appears in a beautiful manner. 

Rationatz...This phenomenon.like the former, is produced 
by the. attraction of the copper or brass, for nitric acid being 
stronger than that of the silver: the latter losing its oxigen re- 
turns to the metallic state. 


SILVERING 


There are various methods of giving a covering of silver to the 
surfaces of bodies. For instance, 
Copper may be silvered over, by rubbing it with the follow- 
ing powder: Two drachms of acidulous tartarite of potash, the. 
same quantity of muriate of soda, and half a drachm of sulphate ~ 
of alumine, mixed with fifteen or twenty grains of silver, 
precipitated from nitrate of silver by copper. The surface of the 
copper becomes white when rubbed with this powder, which | 
may afterwards be brushed off, and polished with leather. 

The sadlers and harness makers cover their wares with tin for — 
ordinary uses, (as stated before, page 105) but a cheap silvering 
is used for this purpose as follows:* Half an ounce of silver that 
_has been precipitated from nitrate of silver by the addition of cop- 
per; muriate of soda, and muriate of ammonia, of each two ounces, 
and one drachm of muriate of mercury are triturated togéther, 
and made into a paste with water; with this, copper utensils 
of ¢ every . kind, that have been previously boiled with acidulous — 
tartarite of potash, and stilphate of alumine, are rubbed, after 
which they are made red-hot and then polished. The intention 
of this process appears to be little more than to apply the silver. 
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in a state of minute division to the clean surface of the copper, 
and afterwards to fix it there by fusion; and accordingly this 
silvering may be effected by using the argentine precipitate here 
mentioned with supersaturated borate of soda, or mercury, and, 
causing it to adhere by fusion. 

The dial plates of clocks, the scales of ddisatakors and other 
similar articles are silvered by rubbing upon them a mixture of 
muriate of silver, muriate of soda, and acidulous tartrite of © 
potash, and afterwards carefully washing off the saline matter 
with water. In this’ operation the silver is precipitated from the 
muriatic acid, which unites with part of the coppery surface. It 
is not durable, but may be improved by heating the article, and 
repeating the operation till the covering seems sufficiently thick. 

Shell-silver for the use of painters is prepared by triturating 
silver-leaf with a little honey or mucilage of gum arabic in a 
mortar; and afterwards separating the honey or gum by means 
of water. When the honey or gum is washed away the silver 
may be put on paper or kept in shells, whence its name. When 
it is to be used it must again be diluted with gum-water. 

Remark...The application of silver-leaf for silvering paper, 
wood, &c. is analogous to the application of gold-leaf which we ) 
be noticed ee in the next eid 

sf ' 
PLATING. 


The covering of the surface of copper with silver or plating is 
performed in the following manner: Upon small ingots of ‘cop- 
per, plates of silver are bound with iron wire, generally allow- 
ing one ounce of silver to twelve ounces of copper. The surface - 
of the plate of silver is not quite so large as that of the copper 
ingot. Upon the edges of the copper which are not covered by 
the silver, a little borax is put, and by exposing the whole to a 
strong heat, the borax melts, and in melting contributes to fuse 
that part of the silver to which it is contiguous, - and to attach 
it in that state to the copper. The ingot, with its silver 
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plate, is then rolled under steel rollers, moved by machinery, 
till it is of a certain thickness; it is afterwards cut to a greater 
or less extremity according to the use for which it is intended. 

An ounce of silver is often rolled out into a surface of about 
three square feet, and its thickness is about the three thousandth 
part of an inch ; and hence we need not wonder at the silver 
being soon worn off froin the.sharp edges of plated copper, when 
it is rolled to so great an extent. | | 

Remark...What is commonly called French plate, is not to 
be confounded with plated copper. French plate is made by 

heating copper, or more commonly brass, to a certain degree; 

“silver leaf is then applied upon the heated metal, to which it ad- 
heres by being rubbed with a proper burnisher. 


ANALYSIS OF ORES OF SILVER... \° 


The analysis of the ores of silver has been always considered 
as very important, on account of the great value of the metal 
which they contain in abundance. . a Nyks§ 

The ore, called native silver, is to be dissolved in nitric acid. 
The gold, if the ore contains any, remains in the state of a black 
powder, and may be dried and weighed. The silver may then 
be precipitated, by adding to the solution common salt. _ Every 
hundred parts of the dried precipitate, denote about 75 parts of 
silver. But, as lead may be present in the solution, and this 
metal is also precipitated by the muriatic acid of the common 


not have an excess of acid a polished plate of copper. This 
will precipitate the silver in a metallic form. The muriate of 


silver is soluble in liquid ammonia, but that of lead is not, 


The presence of copper may be ascertained by the green colour 
of the solution, and by the blue colour which it assumes.on add- 
_ ing to it ammonia. The copper may be precipitated by immers- 


¢ 


-_ galt, it may be proper to immerse in the solution which should 
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ing into it a plate of iron.. When the ore contains arsenic, its 


proportion may be estimated by weighing before and after fusion ; _ 


for the arsenic is dissipated by heat: or the ore may be dissolved 
as before in nitric acid, which acidifies the arsenic. After the 
separation of the silver, the arsenic acid may be precipitated by 
‘the nitrate of lead, 100 parts of the eta precipitate indicating 
about 22 of arsenic. 

| Sulphuret of stiver is to be treated with diluted nitric acid, 
which dissolves the silver, leaving the greater part of the sulphur 
untouched. The residuum is to be dried, and then the sulphur 
burnt off. The loss of weight gives the sulphur. The silver is to 
be precipitated by common salt; and the other metals, if any be 
present, may be ascertained as above, Part of the sulphur is 
always acidified. The acid. thus formed may be precipitated. by 
nitrate of bar ytes, 100 parts of the dried precipitate tisk 
about 14.5 of sulphur. 

Antimoniated silver ore was Snalyee by Klaproth in the 
following manner: 100 parts of it were boiled in diluted nitric 
acid. The residuum, washed -and dried, was 26. These 26 
were digested in nitro-muriatic acid. ‘The residuum now weigh- 
ed 13: (so that 13 had been dissolved), 12 of which were sulphur, 
‘and burnt away, leaving behind them one part of silex. The 
nitro-muriatic solution, when diluted largely with water, let fall 
"a precipitate which weighed 13 (or 10 of pure antimony), and 
vhad the properties.of oxid of antimony ; for they did not evapo- 
rate till heated to redness, but at that temperature were dissi- 
_ pated in a grey smoke, | ue 

The. nitric solution was green. Common salt occasioned a 
precipitate which weighed 87.75, equivalent to 65.81 of- pure 
silver. After the separation of this muriate of silver, sulphate of 
soda occasioned no precipitate. Therefore the solution contained 
_ no lead. When apeisekatsted: with soda, a grey precipitate fell 
weighing 5 parts. On burning coals this precipitate gave out an 
arsenical smell. It, was re-dissolved in nitric acid; sulphuret of 


potash occasioned a smutty brown precipitate ; and Prussic alcali_ 
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a Prussian blue, which, after. torrefaction, was magnetic. 
Hence he concluded, that HhSAe 5 parts were a combination of | 
iron and arsenic acid.* . 

Red silver ore was analyzed by Vauquelin in the following. 
manner: One hundred parts of it were digested in 500 parts of ~ 
nitric acid previously diluted with water.t The undissolved 
residuum, being washed and dried, weighed 42.06. Being 
treated with muriatic acid, it ‘was all dissolved except 14.66 
parts, which were sulphur. The muriatic solution, when diluted 
with a great quantity of water, deposited a white powder, which - 
weighed 21.25, and was ‘oxid of antimony. The nitric solution 
remained still to be examined. Muriatic acid occasioned a heavy | 
precipitate, which was muriate of silver. Reagents showed that 
the acid retained no other substance in solution. t 

‘Muriate of silver was analyzed by Klaproth in the following — 
_ manner: One hundred parts of it were mixed with thrice their 
weight of pure carbonate of potash, and melted together in a glass 
retort. The mass was dissolved in water, and the solution fil- 
tered. A residuum remained, which was dissolved in nitric 
acid, with the exception of a red powder ;_ which, treated with 
nitro-muriatic acid, was dissolved, except a little muriate of sil- 
ver, which, when reduced, yielded .5 of pure silver. Ammo- 
nia precipitated from the nitro-muriatic ‘solution 2.5 parts of 
oxid of iron. ‘The nitric solution was precipitated by common 
salt; the muriate of silver, thus obiained, yielded, when reduced, 
(67+25 of pure silver. 

The original aqueous solation of the alcaline mass was papas | 
ed with acetous acid, on which it deposited 1.75 parts of alu- 
mine. The solution was evaporated to dryness, and the dry mass 
treated with alcohol, which dissolved the acetite of potash. The 


* “Klaproth’s Beitrage i. 163 - 


Ao effervescence occurred during the solution ; a proof that ihe metals existed 
' inthe ore in the state of oxids. 


t Journ, de Min. No. xvii. p, 2 
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' residuym, amounting to 58.75 parts, was dissolved in water; 
and being treated with muriate of barytes, 15 parts of sulphate of 
barytes precipitated, indicating the presence of about .5 of sul- 
é phuric acid, or 0.75 sulphate of potash. The remaining 58 parts 
were muriate of potash, indicating about 21 parts of muriatic 
acid.* 


METHOD OF SEPARATING SILVER FROM COPPER. 


It is a valuable discovery of Mr. Keir, that a mixture of strong 
sulphuric acid with the nitrous acid, or nitrate of potash, is a pow- . 
erful solvent of silver, though it scarcely acts upon the other me- 
tals. ‘This is of considerable importance in the Birmingham ma- ; 
nufactures, where the. silver in the cuttings of plated copper is 
required to be separ ated from this last metal. For this purpose 
the pieces of metal are put into a glazed earthen pan, and a com-_ 
position of eight or ten pounds of sulphuric acid, with one pound 
of nitrate of potash, is poured upon them, ‘stirred, and the action 
of the fluid assisted by a heat between 100° and 200° Fahr.. When 
the liquor is nearly saturated, the silver is to be precipitated by 
common salt, which may be easily afterwards reduced ; or, other- 
wise, the silver may be precipitated in its métallic state by adding 
to the solution a few of the pieces of copper, and a sufficient 
quantity of water, which enables the liquor to act on the copper. 

The theory of this effect still remains to be investigated. 


The method of obtaining pure silver has been noticed already; 


p. 149. 
The standard silver of Great Britain contains 15 parts of silver 
and one of copper. z 


In the solder used to join different parts of silver utensils, this 
proportion of copper is considerably greater, hence it is that 
such vessels are apt to oxidate, or become covered with a green 
__oxid at the places where they are soldered. 

_ 


* Klaproth’s Beitrage, i. 132. 


~ 
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GOLD. 


tei PART Liv. 


SECT. I. 
y] . 


‘ 


NATURAL HISTORY OF GOLD. — 
| 


; Gop is found in nature only in a metallic state ; most com- 
monly in grains, ramifications, leaves, or rhomboidal, octahedral, 
or pyramidical crystals. Its matrix is generally quartz, sand- 
stone, siliceous shistus, &c. It is found also in the sands of mary 
. rivers, particularly i in Africa, Hungary, and France, in minute 
irregular grains, called gold-dust. Native gold, found in com- - 
pact masses, is never completely pure ; it is alloyed with silver 


_. Or copper, and sometimes with iron and tellurium, The largest 


piece of native gold that has been hitherto discovered i in Europe 
was found in the county of Wicklow, in Ireland. Its weight 
was said to be 22 ounces, and the quantity of alloy. it contained 
was very small. Several other pieces, exceeding one ounce, have 


‘ 


160 PROPERTIES OF GOLD. 


also been discovered at the same place, in sand, covered with 
turf, and adjacent to a rivulet. oR 

_ Gold is also met with in a particular sort of argentiferous cop- 
per pyrites, called in Hungary Gelf. This ore is found either 
massive, or crystallized in rhomboids, or other irregular qua- 
drangular or polygonal masses. It exists likewise in the sulpht- 
rated ores of Nagaya in Transylvania... These all contain the 
metal called tellurium. Berthollet and other French chemists 
have obtained: gold out of the ashes of vegetables, 


! 
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Gold is of a brilliant rich yellow colour ; no other substance 
in nature is so heavy, platina, excepted. Its. specific gravity is’ 
q g.3. Its hardness is not very considerable. Its ductility is so 
. considerable that a wire ; of an inch in diameter supports a 
weight of 500lb. without breaking. It melts at 32° of Wedg- 
wood’s pyrometer, and when suffered to cool slowly crystallizes 
in short quadrangular pyramids. By an intense heat, as that of a 
mirror, it is volatilized.. It is incapable of oxidating at any tem- 
perature which our furnaces can yield. It is a good conductor 
of caloric, electricity, and galvanism. The two last agents in- 
flame. it, and convert it into a purple oxid which is volatilized in. 
the form of smoke. It does not unite with hidrogen, carbon or 
with sulphur; though the latter when in the state of a sulphuret - 
dissolves it. Phosphorus combines with it; arsenic, bismuth, 
and antimony form an intimate union with it.  It.easily alloys 
_ with merenry. With silver it forms an alloy of considerable duc- 
tility, Copper heightens its colour and renders it harder without 
much imparing its ductility. ‘Tin and lead greatly impair its te- 
nacity. With platina it forms an alloy which is considerably 
ductile. Combined with zinc it affords a very’ brittle and hard 
mixture susceptible of a beautiful polish. It unites well with | 
iron and hardens it remarkably. Its ductility and malleability | 
are far greater than any of the rest of the metals. : 


me 
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Remark...One grain of gold may easily be divided into two 
millions of parts; and a,cubic inch of gold, into nine thousand 
five hundred and twenty-three millions, eight hundred and nine © 

thousand five hundred and twenty-three parts, each of which 
may be distinctly seen by the naked eye. 

Boyle, quoted by Apligny in his Treatise of Colours, says, that 
.one grain and a half of gold may be beaten into 50 leaves of one 
inch square, which if intersected by parallel lines drawn at right 
angles to each other, and distant only the 100th part of an inch 
from cach other, will produce 25 millions of little squares, each 
of which may be distinctly seen without the help of glasses: 

Mr. Magellan has informed us that its surface may be ex- 
tended by the hammer 159,092 times, and that the finest gold- 
leaf is that made in new skins, which must have an alloy of 
three grains of copper to the ourice troy of pure gold, or it would | 
be too soft to pass over the irregularities of the skin. 

He affirms, that 80 books, or 2000 leaves of gold, each mea- 
suring 3.3 square inches, viz. each leaf containing 10.89 square 
inches, weigh less than 384 grains. Each book therefore, or 25 

leaves = 272.23 inches, weigh less than 4.8 grains; so that — 
each grain of the metal will produce 56.718 square inches. 
From further calculations it may be made evident, that the — 
thickness of these leaves, is less than > th of an inch; and 
_ that sixteen ourices of gold, which if in the form of a cube, 
would not measure more than one inch and one quarter on its 
side, will completely gild a silver wire sufficient in length to go 
round the whole earth like a hoop. 


METHOD OF OBTAINING GOLD. 


_ The processes for obtaining gold, in the large way, from its 
different native combinations,.or admixtures, vary, according to 
the state of the gold, and the nature of the substances Bedaaen: are 
found mixed with it. | 

VOR, 005 L 
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When gold is in’a state nearly pure, (native gold) as itis found 
dispersed among stones, or mixed with sand, it may: first be 
reduced to small granular pieces, together with the matrix; a 
table of several feet long, and one and a half broad, ‘with ledges 
round three of its sides, and pieces of cloth with a long nap 
nailed'‘on the board, is placed under a gentle stream of water, 
upon ' which the pounded ore or sand is thrown; by this contriv~ 
ance; the lighter and eer ince ean are washed or 
carried off, : 

When the stuff or cloth is saificientiy eases with’ the sued 
cles of gold which adhere to it, on account of its superior gravity, 
it is disengaged from the board, and put into a vessel, where it 
is further agitated with water, and more freed from the lighter 
substances. It is then mixed with 4, of mercury, and triturated 
in an iron or copper vessel containing boiling water, until the 
mercury has absorbed all the gold particles. ‘The mercury thus 
containing the gold in solution, is to be separated, first from the 
water, next from the earthy particles, and then from the sand, 
by throwing the whole upon -a table placed in an inclined’. 
directio; the mercury charged with gold, but still vivid, will. 
when assisted by .a little stirring, or manipulation, run off the 
table, and leave the sand behind. The mercury is then sepa- 
rated from the gold, (and silver if any) by exposing the alloy 
in earthen retorts to such a heat as will occasion the mercury 
to distill off, and is collected again in a receiver with water. 
The gold not being volatile in fire, is ‘thus left behind, and is 
afterwards further freed from the heterogeneous imperfect me- 
tallic substances, by the process of cupellation. 

After these processes, the silver, if the gold contains hays is 
separated by reducing it first to very ‘fine lamin, and then ex-' 
tracting the silver by nitric acid, which leaves the gold behind; 
the silver ‘may be separated from the nitric acid, by muriatic 
acid, with which it forms muriate of silver. Muriate of silver 
is to be decomposed again, by mixing it with soda, and expos- 
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ing it toa sufficient heat ina eiebie. whereby the soda unites 
to the muriatic acid, and sets the silver free. 

When gold is found mixed with sulphur or arsenic, and other 
metals, the ore must first be torrefied, which separates the greatest 
_ part of the arsenic and sulphur, and then melted with iron, which — 
unites with what remains. The ‘heterogeneous metallic sub- 
stances are then separated by scorification with fluxes, consist- | 
ing of tartrite of potash and nitrate of potash, which have no 
effect upon gold when the sulphur is previously separated; with- 
out this previous separation, the sulphur would unite with part 
of the alcali of the nitrate of potash, and form sulphuret of pot- 
ash, which would take up a portion of the gold, and thus dimi- 
nish the produce. The gold left by the melting with the flux, 
is afterwards further purified by Fupelation, or melting with 
lead. | : . 

When the eel ore is free its sulphur, it may - after being 
pontided and washed, be melted with one and a half part of 
semi-vitreous. oxid of lead, and three parts of glass, in a crucible 
covered with muriate of soda. By this operation, all the hete- 
rogeneous metals will scorify, and set the gold free. 
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EXPERIMENTAL PROOFS 
oF 


THE PROPERTIES OF GOLD. 


EXpveRIMENT L. 


Gold is not acted on by any ucid, the oxigenated muriatic and 
nitro-muriatic acid excepted. 


Iwrropuce some gold-leaf into any acid, no solution will be 
effected by it; but if oxigenated muriatic acid, or nitro-muriatic 
acid, be made use of, a solution will be effected. if the gold- 
leaf be exposed to the action of the oxigenated muriatic acid 
‘in its gazeous state, it takes fire. (See vol. i. p. 33.) 

A saturated solution of gold in these acids yields, by evapora-_ 
tion, crystals of muriate of gold, of a beautiful yellow colour, 
not unlike topaxes; they consist sometimes of truncated octa- 
hedra, sometimes of tetrahedral prisms. When dissolved in- 
water they tinge the skin indelibly of a deep purple colour, and 
produce the same effect upon almost all animal and vegetable 
bodies, and even upon marble. ; 

RatronaLe...The gold robs the acid of part of its’ oxigen, and 
becomes oxidated ; the oxigenated muriatic acid, or the nitro- 
muriatic acid, is converted into simple muriatic acid, in which 
state it is capable of dissolving the oxid of gold, Ang constitutes 
with it muriate of gold. 
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REMaRK.... Though nitro-muriatic, or more properly oxige- 
nated muriatic acid, is the only fluid capable of dissolving gold, 
it has been long ago noticed. that. nitrous acid, assisted by heat, 
exercised some slight action on this metal, especially when in a 
state of extreme comminution. 


ih cue Ii. 
Gold is precipitated from its solution by tin. 
6 Preparation of the purple precipitate of Cassius.) 


. If we immerse into a solution of gold in nitro-muriatic acid a 
sheet of tin, the oxid.of gold is precipitated of a purple colour,. 
‘and, when scraped off and collected, forms the purple pow- 
der, or precipitate of Cassius, much employed ‘in enamelling. 
It is a compound, ‘consisting of oxid of gold and oxid of tin. 
It is best obtained, for the purpose of enamelling, by dissolving 
pure tin in diluted nitro-muriatic acid, composed of two parts of 
nitric‘and one of muriatic acid,. very slowly, and absolutely with- 
out heat, and then adding to this fresh-prepared solution, diluted 
with -at least cighty times its weight of distilled water, a solution | 
of pure gold in nitro-muriatic acid, collecting the precrieye 
and washing it repeatedly with distilled water. 

Remark...It is absolutely necessary that the tin should be 
oxidated at its minimum, for the oxi-muriate of tin, which is 
already at a maximum of oxidation produces no such effect, be- 
cause it cannot abstract oxigen from the oxid of gold. 


ExrertMenvT III. 
Gold is precipitated from its solution by charcoal. 
Into a perfectly neutral diluted solution of gold, contained in 


a glass jar, put a long narrow slip of well- burnt charcoal, and 
L3 . 
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“expose it to the direct rays of the sun ; the gold will be revived 
and appear on the charcoal in a metallic state, exhibiting a very 
beautiful appearance. ‘The same effect will be produced, with- 
out light, by boiling the charcoal in the solution for a few mi- 
nutes. . 


EXPERIMENT IV. 
Gold is also precipitated by ether, essential oils, &c. 


If highly-rectified ether, or a pure essential oil, be shaken to- 
. gether with a solution of gold, the gold will be precipitated, but _ 
it will be instantly dissolved by the ether or oil, and form with 
the first an etherial solution of gold, which is of a Dip wit bao 
colour, and floats on the top of the fluid. 

If the solution be evaporated the gold is obtained in a state of 
absolute purity. 

Remark...Gold thus dissolved was formerly called poet gold. | 
It was anciently employed in medicine. ‘The apothecaries made 
their-patients supply the gold, and pretended that the purer the 
gold, so much the speedier would be the cure. But these errors 
have been long exploded. ato “4 


EXPERIMENT V. 


Decomposition of nitro-muriate of gold by hidrogen or sul- 
phureous acid gas. 


For these facts we are indebted to Mrs. Fulhame. She found, 
that if a white sattin ribbon be moistened with a diluted solu- 
tion of gold in nitro-mluriatic acid, and then exposed, while 
‘ moist, to a current of hidrogen gas, the gold would be reduced, | 
and the ribbon become gilt with the metal. But if the silk 
be dried previously, the reduction does not take place. By 
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means of a camel-hair pencil, the gold may be so applied as to 
» exhibit regular ornaments, or figures, when reduced. 

The same reduction takes place when the silk is dipped into 
phosphorated ether. If a piece of silk, moistened with phospho- 
rated ether, be immersed in the nitro-muriatic solution, its sur- 
face is immediately gilt with a fine coat of gold, which adheres 
very strongly. 

That phosphorated hidrogen gas ipredaces the same effect has 
been noticed already, (vol. i. p. anh: mnulbhttgge acid gas has 
a similar effect. | | 

RemaRk...Mrs. Fulhame has ercveae that the presence of 

moisture is absolutely necessary for the reduction of gold. It is 
difficult to ascertain what makes water so indispensably neces- 
sary. It is not, as might be supposed, requisite to secure the 
fluidity of the mixture; for she has ascertained that sulphuric 
ether, though a fluid, does not answer, except water be pre- 
. ‘sent. She accounts very ingeniously for the phenomena, by 
supposing the water to be decomposed. The combustible‘com- 
bines with its oxigen, while its hidrogen unites to the oxigen of 
the geld, and re-produces water. This theory accounts very well 
for the phenomena; but it would require some direct proofs to 
establish it completely. : | 
Experiment VI. _ 
"Decomposition of nitro-muriate of gold by ammonia. 


(Preparation of ‘fulminating gold.) 


Dissolve pure gold in nitro-muriatic acid to saturation, and 
dilute the solution with three times its bulk of distilled water, 
and add to it gradually some pure ammonia, a yellow precipitate 

L 4 


- * In her Essay on Combustion. 
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will be obtained, which must be repeatedly washed with distilled 
water, and dried on a chalk stone or in a filter. When per- 
fectly dry it is called fulminating gold, and detonates by heat 
as may be shown by heating a few grains of it on the point. of a 
knife held over the candle. 

Rarionae.,,Though the theory of faliginating gold is not 
yet sufficiently illustrated, it appears highly probable that it is a’ 
triple. compound; namely, an ammoniacal oxi-muriate of gold. 
We suppose therefore, that on the application of heat, the mu- 
riatic acid seizes the oxigen, and reduces the gold to its metallic 
state; while the acid itself becomes converted into oxigenated 
muriatic acid. We suppose farther, that after this change the 
acid detonates with the ammonia; in which case, part of its ox- 
igen forms water with the hidrogen of the ammonia, and its ni- 
trogen is set free. -Hence the products of the detonation of 
fulminating gold seem-to be metallic gold, weg 3 gas and 
muriatic acid and water. 


EXPERIMENT VII. 
Gold is precipitated from its solution by sulphate of iron. 


If we mingle a solution of gold with a diluted solution of green 
sulphate of iron, a precipitate instantly appears, which is gold in 
its metallic form, and in a state of absolute purity. 

RaTIONALE... The green sulphated oxid of iron seizes the ox- 
igen of the gold, and hence the former re-appears in its metallic 
state. 

RemaRK...Lhe red sulphate of iron te no alioet upon the so- 
lution of gold; the reason-of this may be readily conceived from 
what has been stated before. 
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Exrrgimpnr VIL. 


A solution of gold, stains ‘animal and vegetable matters 


purplish red. 


If a solution of. gold be applied to bone, ivory, wood, feathers, 
linen, silk, &c. a stain will be left of a purplish-red colour, 
which cannot be effaced, on account of the strong attraction 
subsisting between the oxid of gold and the substance to which 
it is applied. The traces are first purple, they afterwards become 
of a beautiful brown, and at last black. Hence a diluted solution 
of gold may be used for painting upon silk. | 


~ ExperRIMent IX. 


_ Gold may be separated from its combinations with other metals 
by sulphuret of antimony. 


- Put the alloy into a crucible with two parts of sulphuret of an- 
timony, and when the mixture is in perfect fusion, take the cru- 
-cible out of the fire and suffer it to cool; a sulphuret will be 
formed with the foreign metals at the upper part, and the gold 
_ will be found united to the anhmeny at the bottom of the cru- 

cible. 
‘The gold may be separated from. the net i pape it 
to a white heat, by which means the antimony, is volatilized. 


EXPERIMENT oe 
Gold when united to a it is easily oxidated. 


_ Put mercury with a forty-eighth part of its weight of gold into — 

a flat-bottomed matrass, the neck of which must be drawn out © 
into a capillary tube, and expose the mixture to heat in a sand- 
bath; the metals will become oxidated and be Sad ae into a 
dark-coloured powder. | 


170 | GILDING © 


-EXPERIMENT XI. 


Gold unites with alcaline ainenabae both in the dry and 
humid quay. 


To exhibit this, some leaf-gold may be digested with heat in a 
solution of sulphuret of potash, Or, 

Equal parts of sulphur and potash may be Re quickly With 
gold-leaf. 

Remarx...Some chemists have persuaded themselves that this’ 
was the process made use of by Moses to render the Golden Calf, 
which the Israelites cast in that metal and set up in the wilder- 
ness, to worship during Moses’s absence on the Mount, potable, 
which, as related in Exod. XXXII, that legislator ground to pow- 
der, burnt, and mixt with the water the people were to drink. 
There is however nothing related concerning the operations ne- 
cessary for that purpose. se 


GILDING, 


Or the art of covering the surfaces of bodies with gold. Ma- 
nufacturers use the term improperly to denote silvering, as well 
as gilding, and likewise the various metheds of producing a 
golden colour without actually using gold. — 

The real application of gold, as a covering, may be performed, 
either by a metallic mixture after the manner of a pigment; or 
by friction, upon the same principle as black-lead, and coloured 

chalks are used; or by the chemical precipitation of gold. fram 
mercury, or some other fit solvent; or, lastly, by glueing, or 
fastening extremely thin leaves of gold, to ee surface intended 
to be gilt. 
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‘Shell-gold, or gold-powder 


For palatDg, may be obtained by Gnicne one part of gold ~ 
with eight of mercury, and afterwards evaporating the latter by 
heat, which leaves the gold in the form of powder ; or otherwise 
the metal may. be reduced to powder by mechanical trituration, 
as mentioned already under the article shell-silver. 


Cold gilding by friction. 


Steep a fine linen rag in a saturated solution of gold, till it has 
entirely imbibed the fluid; this rag must then be dried over’a | 
fire, and afterwards burnt to tinder. When any thing is to be 
gilt, it must be previously well burnished; a piece of cork is 
then to be dipped, first into a solution of salt in water, and af- 
terwards into the black powder; and the piece, after being rub- 
bed with it, must be burnished, This powder is frequently used 
for gilding delicate articles of silver. 


Gilding of brass or copper. 


Fine instruments of brass, in order that their surface may 


_- be kept longer clean, may be gilt by immersing them several _ 


times in a solution of muriate of gold, free avons excess of acid, 
and ociabahat burnishing them. 


"Wolter igitainy’ 


‘This term was probably at first confined to such processes as 
demand the use of a solution of gold in nitro-muriatic acid, and 
means a chemical application of gold to the surfaces of metals. 
If a solution of gold be copiously diluted with ardent spirit, a 
piece of clean iron will be gilt by ae repeatedly steeped 
therein. | 
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An improved process for gilding iron or steel. 

‘This method which is less known among artists than it deserves 
to be, may prove useful to those who have occasion to gild ir iron 
or steel. : 

The first part of the process consists in pouring into a solution 
of gold in nitro-muriatic acid, about twice as much sulphuric 
ether. In order'to gild iron or steel, the metal must be well 
polished with the finest emery, or rather with the finest red oxid 
of iron and spirit of wine.» The ether which has taken up the 
gold is then to be applied with a small brush; it evaporates, and 
the gold remains on the surface of the metal; the metal may 
then be put into the fire, and afterwards polished. In this man- 
ner all kind of figures may be delineated on Sige by employing ? 
a pen or fine brush, : 


Gilding of iron, ty means of heat, 


Is performed by cleaning and polishing its surface, and then 
heating it, till it has acquired a blue colour., When. this has 
been done, the first layer of gold-leafis put on, slightly burnished 
down, and exposed to a gentle fire. It is usual ro give three 
such layers, or four at the most, each consisting of a single leaf, 
for common works ; or two for extraordinary ones. The heating 
is repeated at each layer, and last of all the work is burnished, 


- Grecian gilding 


Is performed in the following manner: Equal parts of mu- 
riate of ammonia, and muriate of mercury, are dissolved in ni- 
tric acid, and a solution of gold is made in this menstruum ; 
upon this the solution is somewhat concentrated, and applied to 
the surface of silver, which becomes quite black; but on being 
exposed to a red heat, it assumes the appearance of gilding. 
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_ Method of gilding SS uahs brass, or copper, by means of. an mls 
| of gold and mercury. 


Eight parts of rhercury and one of gold, are alioved counter 
by heating them in a crucible.. As soon as the gold-is perfectly 
alloyed, the mixture is poured into cold water, and is then ready 
for use. | | . 

‘Before the alloy can be Lala upon the eactaaa of the metal, this 
last is brushed over with diluted nitric acid, in which it is of ad- 
~ yantage that.some mercury may have been dissolved. -Some ar- 
tists then wash the metal in simple’ water, and scour it a little 
with the finest sand, previous to the application of the gold; but 
others apply it to the metal while still wet with the nitric acid. 
But in either case, the alloy must be laidfon as uniformly as 
possible, and spread very even with a brass wire-brush,’ wetted 
from time to time with water. The piece is then laid upon a 
grate, over a charcoal fire, or in a small oven, or furnace, 
adapted to this purpose; the heat drives off the mercury, and 
leaves the gold behind. Its defects are then seen, and may be 
remedied, by successive applications of more, amalgam, and ad- 
ditional application of heat. Expert artists however make these 
additional applications while the piece remains in the furnace, 
though the practice is said to be highly noxious, on account of 
the mercurial fames. After this it is rubbed with gilders wax, 
which may consist of four ounces of bees wax, one ounce of . 
acetite of copper, and one ounce of sulphate of copper; -they 
then expose it to,a red heat, which burns off the wax; and 
lastly, the work is cleansed with the scratch brush, and burnish- 


. ed, if necessary, with a steel tool. The use of the wax seems 


to consist merely in covering defects, by the diffusion of a quan- 
tity of red oxid of coppers which is left behind after the burning. - 


Painting with gold ean porcelain, or Ae 


% done with the powder of gold which, remains behind after. 
driving off the nitro- muriatic acid from a solution of that metal, 
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or by precipitating this solution by immersing plates of copper 
in it. It: is laid on with super-saturated’ borate of soda and 
gum-water, or oil, burned in and polished. | 


The gilding of glass 


' Is commonly effected by covering the part with a solution of | 
super-saturated borate of soda, and applying Spee upon it, 
which is afterwards fixed by Maan 


The does soft tea ene ee. 


Are frequently gilt in a less durable manner ie aealvitil a 
very thin coat of amber varnish, upon which gold-leaf is to be 
fixed, and when the varnish is dry, the gold is burnished. 

The gilders of wood, and other compositions designed to sup- 
ply the place of carved work, make use of gold leaf, which is 
either laid on with size, or boiled oil, and afterwards burnished. 


ANALYSIS OF ORES OF GOLD.. 


Native gold when imbedded in earths, or stones, may be ana- 
lyzed by reducing the ore to a very fine powder, weighing a 
determinate portion, and effecting their solution in nitric or ra- 
ther in nitro-muriatic acid, care being taken to digest the ore 
with the acid repeatedly, or as long. as:it extracts any thing. 
The solution must be ev aporated to dryness, in order to force it 
as much as possible from its excess of acid, and then dissolved 
in water. If the ore contains silver this metal will fall to the 
‘bottom in the form of a white heavy precipitate ; it may be 
separated by filtration and reduced by fusing it with soda. In 
order to separate the gold, let the solution be made hot and pour 
into it a solution of sulphate of iron, which will precipitate the 
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-old.in its, metallic state, The presence of copper in the ore 
~may be. detected. by immersing a plate of iron in the solution, 
which will become coppered. _ Iron may be detected by tincture 
of galls, which occasions a blackish precipitate ; and platina, by 
muriate of ammonia, which separates it. ‘The minutest quantity 
of gold contained in an ore may be investigated, by letting fall 
into the solution a:few drops of a solution of tin in muriatic acid, 
~and which will instantly cause a purple precipitate. 

When gold is found in sands it can be obtained by sisale 
-washing the sand, for the lighter foreign substances: will remain 
longer suspended,, and. carried off with the water, while the 
heavy particles of gold sink to the bottom with greater celerity. 


PARTING, or QUARTATION. 


If gold be alloyed with silver, it is purified by a process some- 

"times Called parting, and sometimes guartation: this last name 

is given on account of the proportion of materials employed ; 

three parts of silver being added to the alloy, which of course 

makes a fourth part of the mixture. They are melted together, 
and sulphur. thrown in: the sulphur combines with the silver, 

and the gold falls to the bottom. In the humid way gold is pu- » 
tified from silver by the nitric acid, which rapidly dissolves silver, 
~ but has no action upon gold. 


CUPELLATION. 


If gold be alloyed with copper, lead, &c. it is purified by the 
process called cupedlation, in the following manner: the alloyed 
- gold is put with about twice its weight of silver, and some lead, 
_ into a crucible made of a very porous substance, such as bone- 
~ ashes, and called a:cupel. They are all exposed to a considerable * 
~ heat, which oxidates the lead, or converts it into a semi-vitreous 
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oxid of lead or litharge, enabling it likewise to form a similar 
kind of substance with the other metals in the alloy. This 
glassy fluid soaks into thé pores of the cupel, while the remain- 
ing mixture of gold and silver is left behind in the vessel: the | 
"silver is then separated from the gold as befote, by parting. 

It must be observed, that every alloy of gold is supposed to be 
divided into twenty-four parts, called carats, and that the purity : 
of gold is estimated according to the number of those parts, 

‘which it makes up.. sibs ; 

The gold coins of Great Britain are composed of 11 parts of 
gold, and 1 of copper; they are therefore gold of twenty-two 
carats. . ~ i 

Perfectly pure gold may be obtained by dissolving the gold of 
commerce in nitro-muriatic acid, and precipitating the metal by 
adding a weak solution of sulphate of iron. The precipitate after 
being well washed and dried, is pure gold. 
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PLATINA. 


PART Lv. 


SECT. I. 


NATURAL HISTORY OF PLATINA. 


Hrruerto no mine of platina has been discovered. It 
is found in nature, only in a metallic state in small grains, 
combined with iron, copper, plumbago, &c. The largest 
~ mass of which we have heard, is one of the size of a pigeon’s 
egg, in the possession of the Royal Society of. Bergara. It 
is found in the parishes of Novita and Citaria, North from 
Choco in Peru, and near Carthagena i in South America. It was 
unknown in Europe before the year 1748. Don Antonio Ulloa 
then gave .the first information concer ning its existence in the 
~ narrative of his voyage with the French Academicians to Peru: | 
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PROPERTIES, OF PLATINA. 
Platina purified from all extraneous mixture is of a white ca- 
lour, intermediate between that of silver and tin. It is the 
hardest of all metals. Its specific gravity being from 20.6 to 
23, makes it by far the heaviest body known. It is hard, mal- 
leable, ductile, laminable like gold; but to what degree is not 
yet ascertained. We have seen platina drawn into a wire of a 
smaller diameter than the two thousandtlr part of inch. | It is 
the most infusible of all the metals, It cannot be melted (in 4 
considerable quantity at least) by the most violent heat of our 
furnaces, but may be fused by the heat of a burning lens, or by 
the assitance of oxigen gas. When pure, its parts may be made 
to combine or weld, by hammering in a white heat; a property 
confined to this metal and iron. It suffers no alteration from the 
action of air; neither water, the earths, nor the salino-terrene 
substances have any power of re-action upon it. Potash acts upor 
it at high temperature. It is not oxidated when exposed red- 
hot to the air, fora very long time. _ It may however be. oxi- 
dated by the galvano-eleetrie spark, and by the nitro-muriatic 
acid, ,This acid dissolves it and assumes first a yellow and after- 
wards a deep orange colour. The solution tinges animal sub- 
stances with a dark colour, and may be decomposed by alcalies and 
by muriate and nitrate of ammonia, which have no effect on so~ 
lutions of gold. No other acid exercises any action upon it. The 
oxid of platina which is a triple compound, consisting of ammo-. 
nia, muriatic acid, and platina may be reduced by the action 
of a violent heat. Platina combines with phosphorus and sul- 
phur with considerable facility. It unites with the greater num- 
ber of the metals by fusion. Of these alloys, that with copper is 
the most valuable, as it is ductile, susceptible of a fine polish, 
and does not tarnish on exposure to air; the rest of them are very 
little known, it is therefore unnecessary to dwell on them parti- 
cularly. 3 } 
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METHOD OF OBTAINING PLATINA. 


‘The processes most “commonly gt seh to obtain pure pla- 
ait aré as follows: 

1. Take equal parts of platina in grains, and acidulous tartrite 
of potash, put the mixture into a well luted crucible, and expose 
it for two hours to a violent heat. ‘The platina fuses, but it 
becomes brittle and whiter than platina is in common ; then ex- 
* pose it toa very strong heat under a muffle, by which means 
all the arsenic combined with it will be disengaged, and the 
platina remain behind in a malleable state. . 

2. Platina may likewise be obtained pure, by decomposing 
the nitro-muriatic solution of common platina, by muriate of am- 
monia, heating the, precipitate intensely, and stamping it when 
of a white heat into one mass: or, by igi the fusion with 
a stream of oxigen gas. 

3. Jannetty’s process, which ‘is considered as the best, and 
,which is generally used for oe malleable platina, is as 
- follows : : 

Triturate common Rs with water, to wash off every conta- 
minating matter that water can carry away. Mix the platina 
with about one-fifth part of arsenious acid and one fif- 
teenth part of potash; putting the whole in a proper cruci- 
ble, in the following manner: Having well heated the crucible 
and the furnace receiving it, put in one-third of the mixture, 
apply to this a strong heat, and add one-third more: after 
a renewed application of héat, throw in the last portion. After 
a thorough fusion of the whole, cool and break the mass. Then 
' fuse it a second time, and, if necessary, even a third time, till 

it‘ ceases to be magnetic. Break it into small pieces, and 

melt 'those pieces in separate crucibles, and in portions of a 

pound and a half of the platina to each crucible, with an equal 

quantity of arsenious acid and half a pound of potash. After 
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cooling the contents of the different crucibles in a horizon- 
tal position, in order to have them throughout of equal thick-_ 
ness, heat them under a muffle to volatilize the arsenious acid, 
and maintain them in this state, without increase of heat, for 
the space of six hours. Heat them, next, in common oil, till 
the oil shall have evaporated to dryness. Then immerse them - 
in nitric acid, boil them in water, heat them to redness in a cru- 
cible, and hammer them into a dense mass. They are now fit to be 
heated in a naked fire, and hammered into bars for the purposes 
of commerce. 

Mr. Richter directs, in order to purify platina, and render it 
malleable, the following process : Dissolve platina of commerce | 
-in nitro-muriatic acid, and Jet fall into this solution potash, un- 
til a precipitate begins to appear ; then add a solution of sulphate 
of potash, till the whole is precipitated. Wash the precipitate 
till the water that passes do not change its colour by adding to it 
prussiate of potash. Dry the precipitate, and mix with it 1.5 
times its weight of soda, freed from its water of | crystallization ; 
press it into a crucible, but not so as to fill it, sak it gradually, 
and raise the heat till it fuses. 
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SECT. II. 


EXPERIMENTAL PROOFS 
OF 


THE PROPERTIES OF PLATINA. 


EXPERIMENT I, + 
Platina is soluble in nitro-muriatic acid. 


it one part of platina and ten of nitro-muriatic acid be presented 
to each other a violent action takes place, and the platina becomes 
dissolved. On evaporating the solution, very small corte of 
muriate of platina are deposited. 

RemMARkK... Lhis is the only saline combination of this metal, of 
which the properties have been examined; it appears that the 
platina exists in the solution in two states of oxidation. On add- 
ing potash to it, a precipitate is formed which is a triple com- 
pound of the alcali, acid, and platina highly oxidated ; it is spar- 
ingly soluble in water and of a saline nature. When more pot- 
ash is added, another precipitate is thrown down, which is the 
imperfect oxid of platina. 

Ammonia acts in a similar manner on the solution ; and the 
muriate of ammonia likewise forms a triple compound of oxid of 
_ platina, muriatic acid, and ammonia, which being insoluble is 

precipitated. By this property of affording a precipitate on the 
_ addition of muriate of ammonia to its solution, platina is distin- 
guished from every other metal. _ 
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EXPERIMENT II. 
Separation ap brane y sae ae 


When gold is alloyed with platina, the dinlesration cannot be 
discovered by hydrostatic examinations; but as muriate of am- 
monia has the property of precipitating platina, but not gold from 
the solution ; and as fresh prepared sulphate of iron precipitates 
gold (see page 168) but not platina, these salts furnish the means 
of separating the metals when added to the solution. 


EXPERIMENT III. 
Platina combines with phosphorus. 
(Phosphuret of platina.) 


Mix equal parts of platina and glacial acid of phosphorus with 
an eighth part of charcoal, put the whole into a crucible, and 
cover it with a little charcoal dust; expose it to a heat nearly 
equal to that which makes gold enter into fusion, and continue it 
for an hour; a button of a silver-white colour will then be ob- 
tained, which exhibits in the inside, crystals of a ppertea cubi- 
cal form ; this is s phospluret of oe 


STN ae IV. 


Phosphuret of platina detonates with oxigenated muriate of 
potash. 


If a mixture of phosphuret of platina and oxigenated muriate. 
of potash be thrown inte an ignited crucible, a strong deto- 
nation ensues, and the platina becomes separated i in its maspalle 
form, 
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A similiar effect is produced by throwing phosphuret of pla- 
tina upon nitrate of potash in a state of fusion, 


EXPERIMENT VY. 
Platina is soluble in potash in the dry way. 


_ If potash, prepared according to Berthollet’s process, be keptin » 
fusion for some time in a platina crucible. it will be found, that 
this vessel has lost part of its weight, which is dissolved by the 
potash. For if we dissolve this alcali in water, and saturate 
the solution with muriatic acid, a triple salt will be obtained by 
evaporation, consisting of platina, muriatic acid, and Pesan 
This fact was first noticed by Mr, Cheneyix.* 
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‘TANTALITE. 


PART LVI. 


NATURAL HISTORY OF TANTALITE. 


Seine eee 


Since the printing of the preceding sheets, a new metallic 
substance has been announced by Mr. Ekeberg, to which he has 
given the name of Tantalite. This metal exists in the mineral 

. called Gadolinite, and also in a species of tin ore, or oxid of tin, 
(zin-graupen.) In the first of these minerals, tantalite exists 
combined with oxid of iron and manganese ; in the latter it is 
united to yttria ; hence the discoverer of this metal has called the — 
latter mineral yttro-tantalite. Both are found i in considerable 
abundance i in Sweden and Finland, 


PROPERTIES OF TANTALITE. 


Tantalite is distinguished from all other metals by being in- — 
soluble in any of the acids. It is acted on only by alcalies. The 
solution is decomposeable by a copious addition of acids in excess. 
The product obtained is of a white colour, which it retains after 
having’ been ignited. Its specific gravity is 6.500. It fuses 
with phosphate of soda and ammonia, or sub-borate of soda 


ee 


PROPERTIES OF TANTALITE. 185 


into a colourless glass, Exposed toa high temperature with char. 
coal, it agelutinates and acquires a metallic aspect. Its fracture 
is brilliant, and its colour greyish black. 

These properties together with its great specific weight have 
_.. induced Mr. Ekeberg to consider it as a new metal. 

The substances with which it might be confounded are the 
oxids of tin, tungsten, and titanium, all of which are more or less 
soluble in alcalies, and under certain circumstances resist the 
action of acids. But it is well known that the oxid of tin is : 
easily reducible, whereas the oxid of tantalite requires an in- 
tense heat to reduce it even imperfectly. The oxid of tungsten 
is soluble in ammonia, but that of tantalite is not. The colour 
communicated to phosphate of soda‘and ammonia by fusion with 
the oxid of titanium is yellow or hyacinth colour, and that of the 
oxid of tungsten is blue ; but oxid of tantalite fuses with these 
salts into a colourless glass. 

Whether this substance will retain its place araong the metals, 
must be left to future investigation, at present we have only the 
authority of Mr: Ekeberg* for inserting it. 


# Journal de Mines, No, 20, An, X, p. 248, and Annales de Chimie, An. “; 
. aie 276. fe 
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EARTHS. 


“ 


EARTHS. 


° 


PART LVII. 


"LT xoucu there seems to be an almost infinite variety of 
earthy substances scattered on the surface of this globe; yet 
when we examine them with a chemical eye, we find, not with- 
out surprize, that all the earth and stones which we tread under 
our feet, and. which compose the largest rocks, as well as the 
numerous different specimens which adorn the cabinets of the 
curious, are composed of a very few simple or elementary earths, 
in number no more than seven. 


ENUMERATION OF EARTHS. 


SILEX, ZARCON, | 

ALUMINE, AGUSTINE, 

GLUCINE, YTTRIA, 
MAGNESIA, 


‘ 


_ These are all the simple earths hitherto known: none of them 
chaye yet been decomposed, nor has the smallest proof been : 
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brought that they are compound; we must therefore consider 
them as simple bodies, which nature presents to ‘us completely 
formed, though one or more of them enters into the composition 
of a great many bodies, They have a MAEEY of ea which 
_ are common to all. 


GENERAL PHYSICAL PROPERTIES OF EARTHS. 


All earths are dry incombustible bodies, ‘They are insoluble 
in water, and alcohol, or nearly so. ‘They have little or no taste. © 
Their specific gravity does not exceed 4,9. When perfectly pure 
they assume the form of a white powder, harsh to the touch. 
_ They are infusible. They are capable of combining with acids, 
when they form neutral salts. They are likewise disposed to 
unite with the alcalies, with sulphur, and phosphorus; with me- ~ 
_ tallic oxids, and with each other, either by fusion or solution in 
water. RA | | 
Every one of these characters is not perhaps rigorously appli- 
_ cable to each of these bodies; but they all possess a sufficient 
number of them to render it useful to arrange them under one 
class: as 

Stones differ from earths principally in cohesion and hardness, 
‘and therefore are included under the same general name. 
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SILEX, 


~ PART LVIIL 


ST 
SECT. I. 


NATURAL HISTORY OF SILEX: 


eg Ee 


ay 


Sex, or siliceous earth, is the principal constituent part of a 
very great number of the compound earths and stones forming — 
the immense mass of the solid. nucleus of the globe.. It is the 
basis of almost all the scintillating stones, such as flint, rock 
crystal, quartz, agate, calcedony, jasper, Fc. ‘The sand of ri- 
vers and of the sea-shore, chiefly consist of it. It is deposited 
in vegetable.substances forming petrified wood, &c. It is like- 
wise precipitated from certain springs in a stalactitical form. It 
has been discovered in several waters ina state of solution, and 
is found in many plants, particularly grasses and equisetums. 
Professor Davy has proved that it forms a part of the epidermis 
of these vegetables. It is never met with absolutely pure in 
nature. ‘ 


PROPERTIES OF SILEX. 189 


‘PROPERTIES OF SiLEX. 


- Silex when perfectly pure exists in the form of a white powder. 
_ It is insipid and inodorous. It is rough to the touch, cuts glass; : 
and scratches or wears away metals, Its specific gravity is about 
2.66. It is unalterable by the simple combustible bodies. When 
mixed with water it does not form a cohesive mass. Its mole- 
culae when diffused in water are precipitated with the utmost 
facility. It is not acted on by any acid, except the fluoric. 
When in a state of extreme division it is soluble in alcalies; fused 
-with them it forms glass. It melts with the phosphoric and bo- 
racic acids. It is unchangeable in the air and unalterable by ox- 
igen and the rest of the gazeous fluids. It has been considered 
as insoluble in water, but it appears when in a state of extreme 
division to be soluble in a minute quantity. 


¢ 


METHOD OF OBTAINING SILEX. 


Silex may be obtained, tolerably pure, from flints, by the fol- 
lowing process: Procure some common gun-flints; expose 
them in a crucible to a'red heat, and then plunge them into cold 
water; by this treatment they will become brittle, and easily re- 
ducible to. powder. Mix them, when pulverized, with three or 
four times their weight of carbonate of potash, and let the mix- 
ture be fused, in a dull red heat, in a silver crucible. We shall 
thus obtain a compound of alcali and silex, called siliceous potash. 
Dissolve this compound in water, filter the solution, and add to 
it diluted sulphuric or muriatic acid. An immediate: precipita- 
tion now ensues, and as long as this continues, add fresh portions 
of acid. Let the precipitate subside; pour off the fluid that 
floats above it; and wash the precipitate with hot water till ‘it 
- comes off tasteless; This powder when dry is silex. 
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RaTIoNAxs...The acid added to the solution of flint unites to 
the potash, and forms sulphate or muriate of adc dh the siliceous 
earth is therefore precipitated. ; 

_ Remark...It is necessary to add éxeess of acid, in order that 
all the foreign earths which are present may be separated. 

If the solution of flints be diluted with a great quantity of 
water, as for instance, in the proportion of 24 parts to one, and 
in this state an acid be poured upon it, no perceptible precipita- 
tion will ensue; the silex continues suspended in the fluid, and — 
is invisible on account of its transparency; but it may be made 
to appear by evaporating part of the water, 

The solution of flint, on account of its affinity with the car- 
bonic acid is also in course of time decomposed by mere contact 
- with air. . 

Another method of obtaining silex exceedingly pure is to se- 
parate it from fluoric acid. We shall notice this process in 


treating of that acid. 


¢ 
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EXPERIMENTAL PROOFS — 
OF 

THE PROPERTIES OF SILEX. 
EXPERIMENT ‘I 


Silex when mixt with water does not form a cohesive compound, 
but separates instantly. 


Ler any quantity of silex and water be mingled together in a 
phial, the silex will instantly separate, and the water remain 
transparent as before.’ | 


ExrerRiment II. 
Silex 1s not acted on by any ucid except the fluoric. 


Put a determinate quantity of silex in a Florence flask, and 
boil it in any quantity of sulphuric, nitric, muriatic, acetic, &c. 
acid; on decanting the acid and examining the earth when dry, 
it will be found to have sustained no loss of weight. A proof 
that the acid has dissolved nothing. 


EXPERIMENT III. 


Silex is soluble in fluoric acid. 
Put one part of silex into twelve of fresh prepared fluoric acid 5 
contained in a leaden or tin bottle, close the bottle with a stopper 
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made of wax; let it stand for a few days and agitate it frequently. 
On examining the contents the silex will be found to be dis- 
solved in the acid. 


Experrment IV. - 
Silex is dissolved by alcalies in the humid way, when in ad 


_ state of extreme division. 


This may be proved by boiling one part of pure silex, minutely 
divided, in a silver vessel with 20 parts by weight of a concen- 
trated solution of potash or soda. ‘The earth will be dissolved, 
and may be separated again by the addition of an acid. 


Experiment V. 
Silex i¢ soluble in alcalies by Sites 
The method of obtaing silex, as ; mentioned before, furnishes a 


proof of this. 


EXPERIMENT us 
Silex is fusible with the phosphoric and boracic acids. 


Place a few grains of silex and glacial acid of phosphorus or 
borax, on a bit of charcoal, and urge it by means of the blow- 
pipe ; the mixture will melt and form a globule of eee parent 


glass. 
The other properties of this earth may be investigated without 


any description. ' 
FORMATION OF GLASS: 
Glass is obtained by mixing silex with a proper proportion of 


soda or potash, and exposing this mixture to a violent heat. 
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When these substances are completely fused and have acquir- 
ed a certain degree of heat, which is known by the fluidity of 
the mass, part of the melted matter is taken out-at the end of 
a long hollow tube, which is dipped: into it, and turned about 
until a sufficient quantity is taken up; the workman at each turn. 
rolling it gently upon a piece of iron, to unite it more intimately. 
He then blows through the tube, till the melted mass at the ex- 
tremity swells like a bubble; after which he rolls it again on a 
smooth surface to polish it, and repeats the blowing, until the 
glass is brought as near the size-and form of the vessel required, 
as he thinks necessary. 

If it be a common bottle, the melted matter at the end of the 

tube is put into a mould of the exact size and shape of its body, 
and the neck is former on the outside by drawing out the ductile 
glass. ) 
If it be a vessel with a large or lpia orifice, the aeiast in its 
melted state is opened and widened with an iron tool; after 
which being again heated, it is whirled about with a circular 
motion, and by means of the centrifugal force thus produced is 
extended to the size required, Should a handle, foot, or any 
thing else of the kind be required, these are made separately, 
and stuck on in its melted state. | 

Window-glass is made in a similar manner, except that the . 
mass at the end of the’ tube is formed into a cylindrical shape, 

which being cut longitudinally by scissors or shears, is gradually 
bent back until it becomes a flat plate. 

Large plate-glass for Jooking-glasses, &c, is made be suffering 
the mass in a state of complete fusion to flow upon a casting-ta- 
ble, with iron ledges to confine the melted matter, and as it 
cools,a metallic roller is passed over it to reduce it to an uniform 
thickness. There are different kinds. of glass manufactured for | 
different purposes; the principal of these are flint-glass, ‘crown- 
glass, and Lottle-glass. 

Flint-glass is the densest, most transparent, colour less, ANS 
beautiful. It is often called crystal. The best kind is said to be 
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manufactured in this tapital from 120 parts of white siliceoug 
sand, 40 parts of pearl-ash, 35 of red oxid of lead, 13 of nitrate 
of potash, and-25 of black oxid of manganese. 

This is the most fusible glass. _It is used for bottles and other 
utensils intended to be cut and ‘polished, and for various orna~ 
mental purposes. . 

Crown-glass differs from the preceding, in containing no lead. 
‘It is manufactured of soda and fine sand. ‘This kind is used for 
panes of windows, &c. 

Bottle-glass is the coarsest of all. It is made of soda and 
common sand, Its green colour is owing to iron. It is the least 
fusible. : 

Glass is often coloured by mixing with it while in a fluid state 
various metallic oxids. It is coloured blue by the oxid of cobalt; 
red by the oxid of gold; green by the oxid of copper or iron; 
yellow by the oxid of silver or antimony; and violet by the oxid 
of manganese. ’ 

The properties of glass are well known. Its hardness is very 
considerable ; its gravity varies from 2.3 to 4, according to the 
quantity ‘of metallic oxid which entered into its composition. 
Though ‘glass when cold is brittle, it is one of the most ductile 
bodies known. If a thread of melted glass be drawn out and 
fastened to areel, the whole of the glass can be spun oif on. the 
reel, and by cutting the threads: at a certain length, there is ob- 
tained a sort of silver feather of glass. A thread of glass when 
red-hot, may be drawn or spun so fine as to be scarcely visible to 
the naked eye. It is almost perfectly elastic, and of course is . 
one of the most sonorous bodies. Fluoric acid dissolves it at 
common - temperatures, and alcalies at high degrees of heat. 
These are the only agents known which act upon it. 

Glass utensils, unless very small and thin require to be gradu- 
ally cooled in an oven. This operation is called annealing, and 
is necessary to prevent their cracking by change of temperature, 
wiping, or oe accidental scratches. 
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Theré are two toys made of unannealed glass, which though 
~ eommonly used for the amusement of children, exhibit. pheno- 
-mena which justly interest the curiosity of the philosopher, we 
- mean Prince Rupert's drop; and = Bologna flask, or philo- 
sophical phial. 

Prince Rupert’ s drop i is made by letting drops of melted glass 
fall into water; the drop ‘assumes by that means an oval 
form, with’a tail or neck resembling a retort. These drops are 
said to have been invented by Prince Rupert, and are therefore 
~ talled by his name. ‘They possess the sitigular property, that if 
a small portion of the tail is broken off, the whole bursts into 
powder, with a kind of explosion, and a considerable shock — 
is communicated to the hand that grasps it. Their explosion i in 
the dark is said to be attended with a flash of light, this however 
is a mistake; a flash of light indeed i is produced if the drop be 
broken in 4 glass-receiver, but in that case the flash proceeds from 
_ the action of the projected particles, forcibly striking against the 
body of the glass, but no such phenome takes place if the 
drop be broken in free space. 

The Bologna, or philosophical phial is a small cylindrical vessel 
. of glass which has been suddenly cooled, open at the upper end, 
and rounded at the bottom. It is generally made so thick at the 
bottom, that it will bear a smart blow against a hard body with- 
out breaking, but if a little pebble or piece of flint is let fall 
into it, it immediately cracks, and the bottom falls into pieces. _ 

Remarx...Concerning the cause of the phenomena of both 
these bodies, different opinions have been advanced. The most _ 
general is founded on the assumption that the dimensions of bo- 
dies which are suddenly cooled remain shorter than if the cool- 
ing had been more gradual. The dimensions therefore of the 
smooth external sufface of these glasses, which are suddenly 
cooled, are supposed to be shorter than is adapted to the accu- 
- rate envelopement of the internal part, which is necessarily 
cooled in a more gradual manner; if therefore by a crack or fis- 
sure, a solution of the continuity‘takes place in the external 
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coat, the sudden action of the parts which remained in a state of 
tension to recover that of perfect expansion, is sEpponed to effect 
the destruction of the mass. “i 

Other philosophers again have been inclined to suspect that 
the phenomenon arises from a quantity of air being included in 
the substance of the glass which rushes suddenly ont, if the 
surface which incarcerates it becomes broken. Mr. Lambert, 
on the contrary, maintains an opinion diametrically opposite to” 
this: he supposes, that during the sudden cooling of the glass, 
vacuities are formed between its particles, and that they are 
sealed up by the smooth surface of the external covering, so that 
on the continuity of that surface being interrupted, the air sud- 
denly rushing in occasions the bursting of the drop. ba 
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ALUMINE. 


inge keh ne Pe ae 


SECT, I. 


NATURAL HISTORY OF ALUMINE. 


eee 


"Tus earth derives’ its name from alum, of which it forms the 
‘base. It constitutes the lower strata of mountains and plains. 
It arrests the watérs and causes them to rise in springs to the 
surface of the earth. It enters into the natural composition of 
the schistus, and all those stones and earths called argillaceous, 
such as potter's-clay, fuller’s-earth, lepidolite, mica, corundum, 
&%c. Hitherto it has not been found pure any where, except 
in the garden of the public schools at Halle in Germany. 


PROPERTIES OF ALUMINE. 


Alumine is white, and soft to the touch, It is insipid, ad-" 
heres to the tongue, and occasions a’ sense of dryness in the 
mouth. When moistened with a small quantity of water it 
forms a tenacious, ductile, kneadable paste. . When heated to 
redness’ it shrinks censiderably in bulk, and at last becomes so 
hard as to strike fire with flint. After being ignited it is no 
longer capable of being kneaded with water into a ductile’mass. 
[t recovers however this. property by solution in an acid and pre- 
cipitation. Alcalies dissolye it in the humid way, and form com- 


N 3. 


- 


/ 


198 METHOD OF OBTAINING ALUMINE. 


pounds decomposable by acids. It dissolves slowly in all acids, 
It possesses a powerful attraction for lime. The most intense. 
heat of our furnaces is not able to melt it, but it becomes fusible > 
when lime is added. Lavoisier has proved that it is capable of 
entering into a kind of fusion like paste, by the action of oxigen ~ 
gas; it then cuts glass and resists the file. It absorbs water and 
carbonic acid from ‘the atmosphere. By its mixture with water — 
and silex it acquires great solidity. It does not unite with any 
combustible substance, but becomes fused into coloured frits with 
metallic oxids. Its specific gravity is 2, It is employed in a 
_ multitude of arts. © 


METHOD OF OBTAINING ALUMINE. 


Take any quantity of alum of commerce, dissolve it in six 
parts of boiling distilled water, and add to this solution, when 
cold, liquid ammonia, till no further precipitate ensues. Then 
heat the whole nearly to the boiling point for a few minutes, and 
transfer it on a filter.. In proportion as the fluid passes off, pour 
more water over the precipitate, until it passes tasteless. Let 
the precipitate obtained, while yet in a pasty state, be transferred 
into a glass or Wedgwood’s bason, and add to it muriatic acid in 
small quantities at a time, until the whole is dissolved. Then 
evaporate the solution, till a drop of it, when suffered to cool on 
a plate of glass, yields minute crystals: on letting it now cool, 
crystals of alum will be deposited. Remove these crystals by 
decanting the fluid, and renew the evaporation, until, on fur- 
_ther: cooling, no more crystals are formed. Nothing now..but 
pure alumine remains in the solution; the fluid may therefore 
be decomposed by-adding to it gradually liquid ammonia till no 
further precipitate ensues. -The precipitate thus obtained when 
well washed and dried, is pure alumine. aoe: 

Remarx...The process recommended in general by systematic 
writers for obtaining alumine differs from this; it consists in de- 
composing a solution of alum of commerce by an excess of a carbo- 
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nated alcali, washing the obtained precipitate, and exposing it toa 
sufficient heat to drive off the carbonic acid. ‘This method how- 
ever is imperfect, for if the alumine thus obtained be heated with 
charcoal, and a diluted acid is added to the mixture, sulphurated — 
hidrogen gas will be liberated. It adheres to the tongue, and 
emits a peculiar odour when breathed upon, ‘Sure ¢, Bene that it 
is not pure, 

It must be obvious that alumine cannot be obtained absolutely ; 
pure in this manner. For alum i is a triple compound, consisting 
of alumine, potash, and sulphuric acid in excess. When this 
excess of acid is saturated, by adding to the solution an alcali, or 
even pure alumine, a highly insoluble salt (sulphate of alumine) ~ 
is produced, differing from alum only in the proportion of its 
base.’’ When we therefore gradually add to a solution of alum, 
a carbonated alcali, the first effect of the alcali is, to saturate the 
excess of the sulphuric acid, and the: precipitate consists princi- 
pally of the salt which is insoluble in water. A farther quantity 
of the alcali effects instantly a decomposition of part of the salt, 
which, in proportion as it takes place, becomes mixed -with the 
_alumine ; and it is thus covered from the further action of the 
_alcali. ‘This being the case it is obvious that no subsequent 
washing can do more than separate the sulphate of potash, and 
therefore the residuum, instead of being pure alumine, con- 
tains also a variable proportion of true sulphate of alumine ; © 
the sulphuric acid of which becoming decomposed on heating it 
in contact with charcoal, accounts for the sulphurated hidrogen 
gas produced b- “*e affusion of an acid. j 
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SECT. II, 


EXPERIMENTAL PROOFS 
' OF 
THE PROPERTIES OF ALUMINE. 
RE ——— 
EXPERIMENT 5 


Alumine possesses. a powerful attraction a es lime. 


ise may be proved by agitating together fresh prepared lime- 
water and alumine. On separating the water by filtration it will 
be found to be totally deprived of the lime it held in solution. 


fia 


ExpEerimMentT II. 
/ 


Alumine is soluble in liquid alcalies. 

_ If one part of alumine be boiled for some time, with six of, 
potash, soda, &c. in a sufficient quantity of water, a perfect 
combination will take place, which may be sabia git again 
either wen? pr in part by the addition of 4 an acid, 


EXrERIMENT II], - 


Alumine comlines with silex im the humid way. 


Af we mingle together a concentrated solution of dowane in 
potash, anda like solution of silex, and suffer the mixture to 
stand for a few hours, a precipitate ‘takes place consisting of alu- 
mine and silex, 
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Remank.,.This experiment proves that there exists a'strong 
affinity between silex and alumine. Guyton de Morveau has 
been deceived in every instance of the affinities, which he at- 
tributes to the earths upon each other,* excepting in this case 
which has been observed before him by Chetievix.+ He has at- 
tributed phenomena to substances which do not partake, of it, 
but which resulted from the impurities of his re-agents. 


EXPERIMENT IV. 


Alumine, sulphur and charcoal form a compound which takes 
Sire spontaneously in atmospheric air, 


(Preparation of pyrophorus.) 


In order’ to prepare pyrophorus, equal parts of powdered 
alum and brown sugar are melted over the fire, and are kept 
stirring, till reduced to dryness. The mixture is then to be finely 
powdered} and introduced into a common phial, coated with clay, 
to which a glass tube, open at each end, is luted, to allow the 
escape of the gases that are produced. ‘The phial must then be 
_ set in the fire, surrounded by sand, in a crucible. Gas will issue 
-’ ‘from the open end of the tube, ‘and may be inflamed by a lighted 
paper. When this ceases to escape, the crucible may be removed 
from the fire; and a little moist clay pressed down upon the 
open end of the tube, to prevent the access oF air to the contents 
of the phial. 
“The pyrophorus thus formed is a atlas and very light aR 
which instantly takes fire, when poured out of.the bottle into the 
_ air; and inflames vividly in oxigen gas. : 
RaTIONALE...The accension of pyrophorus is thus accounted 
for by Gren.t Part of the charcoal decomposes in a red heat 
ea sii the sulphore acid of the sulphate ad alumine, and becomes 


® Ann. de Pitts: XXXI. + Philosoph. Trans. May, 1802. 
‘} Gren’s Principles of Seam ail vol, I. p. 256. 
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eonverted into carbonic acid gas, which escapes ; the sulphuric 
acid is,thus partly converted into sulphur, which sublimes and 
burns. During these changes, the potash, which is present in 
the alum of cominerce, unites to part of the sulphur, and forms 
with it a sulphuret of potash; and there .remains the superfluous 
part of the coal that had been blended with the sulphate of alu- 
mine. The constituent parts of the pyrophorus are consequently 
exceedingly dry potash, sulphur, ‘charcoal, and alumine. On 
exposure to air, ‘the first rapidly- attracts its moisture, and is 
heated with it. This heat is sufficient to inflame the sulphur, 
because sulphur is already, by its ‘own nature; when combined 
with alcaline substances, by far more disposed to decompose ox~ 
igen gas. Lastly, this ignition of the sulphur in the pyrophorus 
is communicated to the coaly particles, that, at the beginning of 
its preparation, were mingled with the sulphate of alumine. | 
METHOD OF MAKING POTTERY. 

Pottery or stone ware of all sorts, from the coarsest brown 
pitcher to the finest porcelain is made of alumine and silex. ‘The 
use of the flint is to give strength to the ware, so that it may — 
preserve iis solidity during baking. In making the English stone — 
ware, care is taken to employ only the fine parts of the alumine ~ 
and chert, a species of flint. With this view the alumine is much 
beaten in water, by which the fine parts, being mixed with the 
fluid, are suspended, while the coarser sink to the bottom of the 
vessel. ‘The thick liquid is further purified by passing it through 
hair and lawn sieves of different fineness; after this the liquid 
is mixed in various: proportions for different wares, with another 
liquor of about the same density, and consisting of ground flints. 
The mixture is then dried in a kiln, and after being beaten 
to a proper consistence it becomes fit for being formed at the 
wheel, into dishes, plates, bowls, &c. When the ware has 
been exposed to heat for a certain time it is glazed, or is made to - 
undergo a partial vitrification at the surface, without which it 
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would be pervious to fluids. Ordinary .pottery is glazed with a 
semi-vitreous oxid of lead, or by throwing common salt over it 
in the furnace, 
The yellow or queen’s ware, is made of the same substances 
as the common flint ware, but in different proportions. The 
glazing is also different, it is made by mixing together in water 
- toa consistence of cream, 112 parts of carbonate of lead, 24 
parts of ground flint, and 6 of flint glass. The ware before it 
is glazed is baked in the fire, by which it acquires the property 
of strongly imbibing moisture; it is then dipped in this composi> 
tion and quickly taken out. It is afterwards exposed .a second 
time to the fire, by which means the glaze it has imbibed is 
melted, a thin ghossy coat is formed upon its surface which is 
more or less yellow, according as a greater or less proportion of 
ead has been used. Porcelain, or china, is a semi-vitrified 
earthen ware of an intermediate nature, between common wares 
and glass. Chinese porcelain is said to be composed of two in- 
gredients, one of which is a hard stone called: Petuntse, which 
they carefully grind to 2 very fine powder; and the other, called 
by them Kaolin, is a white earthy substance, which they mix in- 
timately with the ground stone, The former is of the siliceous, 
and the latter of the aluminous nature. 7 7 


The manufacture of bricks is a coarser species of the same art, 
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GLUCINE. 


PART LX. 


SECT. I, 


" NATURAL HISTORY OF GLUCINE. 
meng me —— 


F OR the discovery of this earth we are indebted to Vauquelin 
who found it in 1795, in the Aigue-marine or beryl, a transpa- 
rent stone of a green colour, and in the Emerald of Peru.’ It 
exists combined with silex, argil, lime, and oxid:of iron in the | 
one; and with the same earths, with oxid of chrome, in the other, | 
It has lately been discovered in the Gadolinite by Mr. Ekeberg.* 
Its name is taken from the Greek word (yAvxvg) which sig- 


nifies sweet’or saccharine, because it gives that taste to he salts 
it fOr . 


PROPERTIES OF GLUCINE. 


Glucine is white, light, and soft to the touch. It is insipid. q 
and adheres to the tongue; and is infusible by itself in the fire, 


- 


" * Journal des Mines, An. X. No. 20. 
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Its specific gravity is 2.967. It is soluble in alcalies and their 
carbonates, and in all the acids except the carbonic and phospho- 
ric, and forms with them saccharine and slightly astringent 
salts. It is exceedingly soluble in sulphuric acid used to excess. 
It is fusible with borax, and forms with it a transparent glass. It 
absorbs one-fourth of its weight of carbonic acid. It decom- 
_ poses sulphate of alumine. It is not precipitated by the hidro- 
sulphurets nor by prussiate of potash, but by all the succinates. 
Its affinity for the acids is intermediate between magnesia and 
alumine. | ; 


_ METHOD OF OBTAINING GLUCINE. 


To obtain glucine reduce some beryl to an impalpable powder, ' 
fuse it with three times its weight of potash, and dissolve the _ 
mass in muriatic acid. Separate the silex by evaporation and 
filtration, and decompose the remaining fluid by adding carbo- 
- nate of potash; re-dissolve the deposit when washed in sulphuric 
acid, and by mingling this solution with sulphate of potash, sul- 
phate of alumine will be obtained which crystallizes. _ ia 
_ Then mix the fluid with a solution of carbonate of ammonia, 
‘ which must be used in excess; filter and boil it, and a white 
powder will gradually fall down, which is glucine. 


- 206 PROOFS OF THE PROPERTIES OF GLUCINE - 


é 


EXPERIMENTAL PROOFS 
OF. 


THE PROPERTIES OF GLUCINE. 


| Although glucine resembles alumine in many of its properties; — 
it possésses others which are different. 


EXPERIMENT I; 


jpaeirrs separately equal quantities of glucine and alumine 
~ in nitric acid to perfect saturation. The salt which results front 
the combination of the glucine with nitric acid does not erystal- 
lize, but formis on drying; a kind of ductile paste; its taste is 
highly saccharine and afterwards astringent. The solution of 
this mass when mixed with tincture of galls gues instantly 
a brown-yellow precipitate. 

On the contrary, the taste of the nitrate of alamin is not 
sweet, and its solution does not geiinr: any precipitate with the: 
same re-agent. 


Expreriment HH. 


To the solution of nitrate of glucine add some oxalate of pot- > 
ash, no change will take place even alter some days. 
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On adding the same re-agent to nitrate of alumine a very co- 
pious white precipitate will be produced. 


EXPERIMENT III. 


- Into a solution of nitrate of lucie let fall a solution of tar- 
trite of potash, no change will be perceived. — 
On adding the same solution to nitrate of alumine, a flaky de- 


- posit will immediately be formed, and the super-natant fluid will 
be colourless. 


Expertment IV. 
On mixing a solution of nitrate of glucine with prussiate of 
potash, no change takes place. | 
On adding the same test to a solution of nitrate of Fenice) 


a very copious white precipitate, is obtained which becomes: 
- greenish at the end of some hours. 


These experiments are sufficient to prove that glucine pos- 
sesses peculiar properties, and that it is a distinct earth. 

It is not yet known to what purposes glucine may be. ap-< 
plied. If it should be discovered more abundantly hereafter, in 
combinations from which it can be easily separated, it may pér- 
_ haps be employed for a variety of useful purposes in the arts, in ~ 
chemistry, or medicine, The saccharine and slightly astringent 
taste of its saline combinations gives us reason to think that it 
‘possesses some salutary property, beneficial to animal” economy. 
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5 ZIRCON. 


PART LXI. 


SB@TaNE «i 


NATURAL HISTORY OF ZIRCON, OR JARGON. 
fig ila , - \ 


"Tus earth was discovered in the year 1793, by Klaproth of 
Berlin, in the Zircon or Jargon, a gem first brought from the. 
island of Ceylon, but also found in France, Spain, and other 
parts of Europe. Its colour is either grey, greenish, yellowish; 
reddish-brown, or purple. It has little lustre, and is nearly 
opaque. Itis likewise found in another gem called the hyacinth: 
This stone is of a yellowish red colour mixed wath brown. It 
possesses lustre and transparency. 


PROPERTIES OF ZIRCON. - 


Zircon earth has a white colour, is exceedingly heavy, and . 
rough or harsh to the touch like silex. It has neither taste nor 
odour, and is insoluble in water, but forms with it a kind of jelly. _ 


“ia 
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It melts with borax into a transparent colourless glass. _It suffers 
in a charcoal crucible a pasty fusion by intense heat, and contracts 
in its dimensions, acquiring a grey colour and scintillating hard- 
ness. In this state it is very hard and insoluble in acids. Its 
specific gravity is4.3. Neither air nor combustible bodies act » 
upon it. It is soluble in water, but retains while drying in the 
air a large quantity of it, which gives it the semi-transpa- 
rency and appearance of a yellow jelly, or gum-arabic; it exhi-- 
bits the same vitreous fracture. It unites with all the acids 
and forms salts, differing from those of the other bases by being 
decomposable by alumine, glucine, the alcalies, and by mere heat. 
It fuses with alumine and silex. It is insoluble even by boiling 
in a solution. of alcalies, neither can it be fused with them by 
means of heat ; but it is soluble in alcaline carbonates. 

By these properties this earth may be distinguished from every 
other. It is still of no use in the arts. . 


METHOD OF OBTAINING ZIRCON. 
Reduce the paoaral to pacts mix it with Micsase times its . 
weight of potash, and fuse'it in a crucible. Wash the obtained 
mass in distilled water, till the whole of the potash be extracted ; 

_ then dissolve the residuum as far as possible in diluted muriatic 
acid. Boil the solution to precipitate any silex it may contain, 
filter it, and gradually add solution of potash. The zircon will 
now become precipitated. Wash it a ie sth in distilled water 
and dry it. 


Vou, 11. | | er .ey 


ty 
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SECT. If. 


EXPERIMENTAL. PROOFS, 
owes . eat 
THE PROPERTIES. OF ZIRCON. 
ExppniMenr I. 
“Sulphuric acid and niheos unite readily. 


ILwrropuce zircon, gradually, into diluted sulphuric acid, 
until it dissolves no more when boiling hot. ‘The: salt which re- 
sults from this combination is white, insoluble in water, and ° 
without any sensible taste. Heat decomposes it and leaves the 
zircon pure. It is not affected by acids, but alcalies and earths 
decompose it. Charcoal converts it, in a high temperature, into . 
a.sulphuret, which is soluble in water, and affords by Pig mites 
crystals of hidro-sulphuret of zircon. 


Ba ve niseler® II. 


Combination of nitric acid with xircon. 

This combination may be effected in a° similar manner to the 
last. It is impossible, however, to saturate the nitric acid with 
this earth, so as to destroy. its acid properties, for the nitrate of 
zircon always changes the blue infusions of vegetables in the 
same manner as acids. 4 
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Remarx.iiNitrate of zircon dissolves in a small quantity of 
water. To obtain it in a state of crystallization, it is necessary 
to evaporate it in avery gentle heat, ot by simple exposure to the 
air. : 

The nitrate of zircon is decomposed,...1. by sulphuric acid, 
which forms with -it.a white precipitate, soluble in an excess of 
that acid; 2. by carbonate of ammonia, which produces in it a 
deposit, soluble in an excess of that salt; 3: by an infusion of 
galls in alcohol, a white precipitate is produced, soluble in an ex- 
cess of the infusion. - The greater part of the vegetable acids take 
zircon from the nitric, and form with it insoluble compounds. 


‘ 
- 


_ Experiment III; 
The muriatic acid unites readily with xircon, when in @ state of 
- extreme comminution, or when combined with carbonic acid. 


This fact may be proved, by introducing zircon into muriatic 
acid in. the usual manner, in either state. . 
- Remark...Muriate of zircon has no colour. Its taste is astrin- 
gent. ‘It is very soluble in alcohol, to the flame of which it 
does not communicate any particular colour. The muriatic 
acid is expelled by heat. his salt forms concretions in the 
mouth in consequence of being decomposed by the saliva. The 
solution of it affords, by a careful evaporation, small transparent 
needle-like crystals of a form difficult to be determined, which 
lose their transparency in the air, by giving out a portion of 
the water of crystallization. ; 

-. Muriate of zircon. is decornposed,...1. By sulphuric acid. A 
part of the sulphate of zircon which is formed, is precipitated i in 
the form of heavy white flocks; while another portion is retained 
in solution. by the muriatic acid.’ But if this acid be dissipated 
by heat, the remaining portion of the sulphate of zircon is gra- 
dually deposited, and if the evaporation of the liquor be stopped 
before that is reduced to dryness, it forms .a kind of jelly, by. 

O 2 
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cooling. The sulphate of zircon is therefore soluble in muriatic 
acid; and this solubility is increased by means of ‘caloric. 
2. The phosphoric, citric, tartareous, oxalic, and sacco-lactic 
acids decompose the muriate of zircon, and form with its base 
‘insoluble compounds, which are precipitated in the form of 
white flocks. | 
3. The gallic acid precipitates ‘ifio muriate of zircon, in the 
form of a white matter, (or.in that of a greyish green, if it con- 
tains iron). The liquor in which the gallate of zircon has been 
formed preserves a greenish colour; and, though fresh quantities 
‘of gallic acid do not eccasion any more precipitation, the carbo- 
nate of ammonia separates a very copious flocky matter, which 
has a purplish colour, similar to that of lees of wine. 
These experiments prove,.. .1. That the gallic acid has a 
greater affinity with zircon than the muriatic acid possesses, and. 
_ that the gallate of zircon is soluble in mauriatic acid, since a part — 
of it remained in solution in the liquor which was Separated by: 
carbonate of ammonia. | 
2. Carbonate of potash, saturated with carbonic acid, precipi- 
tates zircon from its solution in muriatic acid; and though 
this solution be made with effervescence, the precipitate, when 
washed and dried in the air, retains a large portion of carbonic 
acid, for this earth afterwards produces a lively ghee Sucka 
when dissolved in acids. 
3. A solution of sulphurated Lideseen gas in water, mixed 
with a solution of zircon (containing iron) disturbs the transpa- 
rency of the solution, ‘and gives to it a reddish colour ; but it 
does not occasion a true precipitate.. The hidro-sulphuret of . 
ammonia instantly precipitates this salt of a beautiful green co- a 
Jour, which becomes black when dry. This precipitate when 
placed on burning coals, gives out the smell of sulphurated hi- 
drogen gas, and becomes of a bluish, or slightly purplish’ colour 
by pulverization ; before it has been heated it affords a powder 
of a pearl grey colour. ‘This colour is owing to the oxid of iron 
combined with the zircon, 
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‘4. The carbonate of ammonia produces at first a deposition *. 
_ in muriate of zircon, but fresh quantities of ammoniacal salt’re- 

dissolve the greater part of the precipitate. In this case a triple 

salt is formed, which may be decomposed by heat. 

5. The prussiate of mercury produces in the solution of mu- 
riate of zircon, a very copious precipitate, soluble in muriatic 
acid. The deposition cannot be owing to the combination of the. 
mercury with the muriatic acid, for none of the salts into which 
it enters form a precipitate with the prussiate of mercury. Were 
we even to suppose this case to be an exception, still the deposi- 
tion would not be soluble in simple muriatic acid. | 

6. A plate of zinc, introduced into a solution of muriate of 
zircon, occasions a slight effervescence, owing to the disengage- 
ment of hidrogen gas. ‘The liquor becomes milky, and at ‘the 
end of some days assumes the form - a white semi- transparent 
jelly. 

7. Pure alumine decomposes the muriate of zircon, by the as- 
sistance of a slight heat. The alumine is dissolved, the liquor 
_ becomes milky, and assumes.a gelatinous form i in cooling. When 
the muriate of zircon contains iron, it remains in solution with 
the alumine, so that the zircon which is precipitated does not 
contain any sensible quantity of that metal....See Klaproth’s 
Beitrage. Vauquelin, Ann. de Chem: Tom. xxii. p. 179. 


‘ 
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AGUSTINE,  —_- 


PART LX. 


NATURAL HISTORY OF AGUSTINE. 
ooo ae ee 


Tuts is a new earth discovered in the Saxon Beryl, or Beryl 
of Georgien Stadt, a stone greatly resembling the Beryl of Sibe- 
ria, by professor Tromsdorff of Erfurth in Germany,* to which 
he has given the name of agustine on account of the property of 
forming salts which are.nearly destitute of taste. 


PROPERTIES OF AGUSTINE. 

Agustine is white and insipid; when moistened with water 
it is somewhat ductile, but is not soluble in that fluid. Exposed 
to a violent heat, it becomes extremely hard, but acquires no 
taste. It combines with acids, forming salts, which have little, 
or no taste. ‘ It does not combine either in the humid or dry way 
with alcalies, or with their carbonates. It retains carbonic acid 
but feebly. It dissolves in acids equally well after having been 
hardened, by exposure to heat, ‘as when newly precipitated. 
. ( With sulphuric acia it forms a salt which is insipid, and scarcely. 
soluble, but an excess of acid renuers it soluble, and capable of, 
crystallizing ‘in stars. With an excess of phosphoric acid it forms’ 
a very soluble salt. With nitrous acid it forms a salt scarcely. 
soluble. 


‘* Ann, de Chemie, xxxiv. 133- 
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YTTRIA 


PART LXII. 


a 


NATURAL HISTORY OF YTTRIA. 


Tue discovery of ‘this new earth ina fossil, termed by Ga- 
dolin Ytterby, from the place where it was found, has lately been 
confirmed by Vauquelin and Klaproth. ey 


rd 


PROPERTIES OF YTTRIA. 


Yttria is the heaviest of the earths. Its specific gravity is 4.842. 
It resembles glucine in several of its properties. It is smooth and 
insipid. It is infusible alone, but vitrifies with supersaturated bo- 
_rate of soda. It combines with the acids, and is precipitated from 
those solutions by ammonia and. prussiate of potash. It is also 
‘precipitated by tannin. The precipitate is not soluble in acetous 
_acid. As some of its salts are coloured, and its weight nearly ap- 
proaches to that of metals, it is considered as the link which con- 
nects the metals with the earths. It differs from glucine in not 
' being soluble in fixed alcalies, nor being precipitated by the succi- 
nates. Its attraction for the acids is also in general stronger than 
: that of glucine, and its saline compounds have not the same sac- 
charine taste. Its other properties have not yet been examined. 
| 04° | 
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MAGNESIA. 


PART LXIV. 


SECT. I. 


¢ 


NATURAL HISTORY OF MAGNESIA - 


4 


al Sac 


I HIS earth is not found pure in nature, but is obtained by art 
from some of its combinations. It gives a. peculiar character to 


the substances of which it forms a part. The stones which con-. 


tain magnesia in considerable quantity, have generally, a smooth 
and unctuous feel, a greenish cast, a fibrous or striated texture, 
and a silky lustre. “Among them we may mention falc, steatite, 
serpentine, chlorite, asbestos, actynolite, jade or nephritic stone, 
baikalite, boracite, Fc. It is likewise found neutralized with 
various acids. It has been discovered by Vauquelin, in several 
sea-plants.* 


PROPERTIES OF MAGNESIA. 


Pure magnesia does not form with water an adhesive ductile 
mass, Itis in the form of 4 very white spongy powder, soft 


-* Ann, de Chemie. xviii, 98.0% 


METHOD OF OBTAINING MAGNESIA: 217 


to the touch, and perfectly tasteless. It is very slightly so- 
luble in water. It absorbs carbonic acid gradually from the 
atmosphere. It changes very delicate blue vegetable colours to 
green. Its attraction to the acids is weaker than those of the 
alcalies. Its salts are partially decomposed by ammonia, one 
_ part of the magnesia being precipitated, and the other forming a 
triple compound. Its specific gravity is about 2.3. _ It is infusi- 
ble even by the most intense heat ; ‘but when mixed with some 
of the other earths it becomes fusible. It combines with sul- 
phur. It does not unite to phosphorus or carbon. It is not dis- 
solved by alcalies in the humid way. When heated strongly it 
becomes phosphorescent. With the dense acids it becomes 
ignited. . With all the Brice at forms salts of a Rind taste, mostly © 
very soluble. 


METHOD OF OBTAINING MAGNESIA. 


The usual method of procuring magnesia, 1s to precipitate it 
from sulphate of magnesia by means of an alcali. 

| To effect this dissolve any quantity of sulphate of magnesia in 
a large quantity of distilled water and add to it gradually a solu- 
tion of perfectly pure carbonate of potash, or soda, till no more 
precipitate ensues. Then collect the precipitate on a cloth and 
~ ‘boil it repeatedly in a large quantity of distilled water, till this 
fluid passes perfectly tasteless. It is then to be dried, and ex- 
_ posed in a crucible to a red heat, till a sample of it, when cold, 
_ does not occasion the least effervescence with acids. 
RaTIONAxe.. .In this process a double decomposition takes 


~ place, the sulphuric acid of the sulphate of magnesia combines — 


. with the alcali, and forms sulphate of potash ; and the carbonic . 
acid of the alcali joins to the disengaged magnesia, and forms car- 

bonate of magnesia ; the latter is precipitated, and the sulphate of 
potash remains in solution. On exposing the ‘carbonate of mag- 
nesia to heat, the acid i is expelled and the inapnenia is left be- 
hind in a pure state. | 
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SECT. II. 


EXPERIMENTAL PROOFS 


OF 


SS 


THE PROPERTIES OF MAGNESIA. 
Experiment L[.. 


Pie diate converts Polat Llues into green. 


| Mix one part of magnesia with six of ant egy eke the mix- 
ture for a few minutes, and then separate the water by filtration, 
If this water be mingled with a pale bles mixture of cabbage, the 
fluid will instantly become green. : 
Magnesia resembles ir this respect the alcalies; and hence it 
has been classed by some chemists amongst these bodies. It 
seems to form the link which unites the earths with the alcalies. 


EXPERIMENT II. 


. Magnesia does not form an adhesive mass with water.’ 


If magnesia and water be mixed together, no adhesive or duc- 
tile mass can be obtained. It is capable however of retaining 
this fluid very obstinately ; for if 100 parts‘of magnesia are thrown 
into water and then dried, its weight is increased to about 118. 


* 
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Experiment III, 


Magnesia attracts carbonic ucid from the air. 


_ If any quantity of magnesia be exposed to the air for some 
time it soon attracts carbonic acid, which may be proved by 
pouring on it an acid, which causes a slight effervescence. © 


Experiment IV. 


Carbonic acid has a stronger affinity for lime than for magnesia. 


_ This may be evinced by digesting carboriate of magnesia in 
> fresh prepared lime-water. The lime will attract the carbonic 
acid from the magnesia and be rendered insoluble. Hence the 


taste of lime-water is totally destroyed by carbonate of magnesia. 


EXPERIMENT V. 


: Ignition oF ak by the affusion of sulphepie or a acid. 
| This Bh oe has been noticed already, it, L page 134. 

Expeniwen7 VI. aN 

scan combines with sulphur. 


See vol. if Page 152. se : eur 7 oe 


The other properties of this earth require no Fogg nit 
EH EREG. : 


Mood 
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- AILCALIES.. 


PART LXV. 


We consider these substances (one of them excepted) as 
simple bodies, though several chemists have asserted that they 
are compound; others have even endeavoured to prove this by - 
experiment, but none of their proofs are yet satisfactory. 

Were we permitted to judge from analogy we should be in- 
clined to suppose that all alcalies possess one commion base, for 
they have a great number of properties which are common to 
them all. We have indeed seen that one (ammonia) has been 
decomposed; we have proved that nitrogen enters into its com- 
position, (see vol. I. p. 314, &c.) but no conclusion can be drawn 
from this. We are therefore forced to consider the ‘rest of them 
as simple bodies, till future discoveries remove the veil which at 
present obstructs our view. 


ENUMERATION OF ALCALIES. ie 


~ ENUMERATION OF ALCALIES. 


BARYTES, » 
PoTaAsH, . 
Sopa, 
STRONTIA, 
Lime, 

- AMMONIA. 


GENERAL PHYSICAL PROPERTIES OF ALCALIES. 


All alcalies are “incombustible, and soluble in water; they 
possess an acrid, urinous taste. When mixed with siliceous sub-> 
stances and exposed to an intense heat, they form a more or less 
perfect glass. They unite with another class of bodies called 
acids, and form new compounds; in which both the acid and al- 
caline properties are more’or less lost. They render oils miscible 
with water. They change various blue vegetable pigments 
to green; red to violet or blue; and yellow to brown. Blue 
pigments that have been turned red with acids are again restor- 

ed by alcalies to their primitive colours. They emit light on the 
affusion of the dense acids when freed from water. They attract 
water and carbonic acid from the atmosphere. ‘They unite to 
sulphur by fusion and by means of water. They exert a great 
solvent power on the cellulaf membrane and animal fibre; they 
also corrode woollen cloth, and if sufficiently concentrated con- 
vert it into a sort of jelly. 
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BARY TES; > 


PART. LXVI. 


SECT. I. 


NATURAL HISTORY OF BARYTES. 


Banyvres does not exist pure in nature. It is always found 
in combination with sulphuric or carbonic acid. United with 
the sulphuric acid, it forms the mineral called sulphate of Larytes; 
or baroselenite. It is found in Staffordshire, Derbyshire, &ec. 
_ When united to carbonic acid it is called erated Larytes, or car-. 
bonate of Larytes, found at Anglezark, near Chorley in Lanca- 
shire. Both combinations are met with regularly crystallized and 
amorphous. } | 


PROPERTIES OF BARYTES. 


Pure barytes has a. stronger affinity than any ‘other body for 
sulphuric acid; it turns blue tincture of cabbage green. It is 
entirely infusible by heat alone, but melts when mixed with 
various earths. Its specific gravity is 4:000.' It changes quickly 
in the air, swells, becomes soft, and falls into a white powder 
with the acquisition of about one-fifth of its weight. This slak- 
ing is much more active and speedy than that of lime. It com- . 
bines with phosphorus, which compound decomposes water 
rapidly. It unites to sulphur by the dry and humid way. It has 
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a powerful attraction for water, which it absorbs with a hissing 
noise and consolidates it strongly. It is soluble in twenty times 
its weight of cold, and twice its weight of boiling water.” Its 
crystals are long four-sided prisms of a sattin-like 9 olan It 
is a deadly poison to animals. 


/ 
‘ 


‘ 


METHOD OF OBTAINING BARYTES. 


1. Take native carbonate of barytes, reduce it to a fine pow- 
der and dissolve it in a sufficient quantity of diluted nitric acid, 
evaporate this solution fill a pellicle appears, and then suffer it 
to crystallize in a shallow bason. ‘The salt obtained is nitrate 
of barytes ; expose this nitrate of barytes to the action of heat in 
a china cup, or silver crucible, and keep it in a dull red heat for 
at least one hour, then suffer the vessel to cool, and transfer the 
greenish solid contents, which are pure barytes, into a well stop- 
ped bottle. When dissolvedin a small quantity of distilled water 
and evaporated, it may be obtained in a beautiful crystalline form. 

Rarionaxe...The nitric acid added to the native carbonate of 
barytes unites to the barytes, and expels ‘the carbonic acid and ’ 

forms nitrate of barytes; on exposing this nitrate to heat, it . 
parts with its nitric acid, which becomes decomposed into its 
constituents, leaving the barytes behind. 

2. ‘Pure barytes may likewise be obtained from its sulphate. 
For this purpose boil powdered sulphate of barytes in a solution 
of twice or three times its weight of carbonate of potash, in a 
Florence flask for about two hours, filter the solution, and ex- 
pose what remains on the filter to the action of a violent’ heat. 

_ Rartronate...In this case the sulphuric acid of the barytes 
‘unites to the potash, and the carbonic acid of the latter joins to 
' the barytes; hence sulphate ‘of potash and carbonate of barytes 
are obtained. The former is in solution and passes through the 
filter; the latter is insoluble and remains behind. From this 


artificial carbonate of barytes, the carbonic ee may be driven 
off by heat. ) 


. », v4 8 j 
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EXPERIMENTAL PROOFS . 
OF 


THE PROPERTIES OF BARYTES. 


~ 


Expermment I. 
Barytes changes blue vegetable colours green. 


Ler fall into a wine glass full of distilled water, rendered 
‘slightly blue by the admixture of tincture of cabbage, a few 
- grains of barytes. The blue colour of the fluid will instantly 
be converted into a lively green. | 


Experiment Il, | 
Barytes changes red vegetable colours violet. 


If in a similar manner to water rendered red by tincture of 
brazil wood, a small quantity of barytes be added, the red colour 
will be changed into a violet. 


y 
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EXPERIMENT IIT. 
Bary tesschanges yellow vegetable colours brown. 


Let paper, stained yellow with an infusion of turmeric, be dip- 
ped into a solution of barytes, it will soon lose its yellow colour 
and become brown. : 


Experiment IV. 
Barytes renders oils miscible with water. 


If one. part of oil of olives be put into a phial and agitated 
together with three of a concentrated solution of barytes, a sa- 
ponaceous mass will be obtained diffusible in water. 


EXPERIMENT V. 
Bary tes gives out heat on being united to water. 


If fresh- -prepared barytes be sprinkled with water it gradually 
swells up and bursts, it solidifies the water, and becomes consider- 
ably heated. If a little more water be gradually added it hardens . 
with it; and, if Jeft for some time undisturbed, becomes so hard 
- that it forms a kind of cement: a still larger addition of this 
fluid changes it into/a white powder gbpianees voluminous, 
and soluble i in water. 


EXPERIMENT Vi. 
Bars ytes forms glass ae las. 


Put a few are of silex $3 double the quantity of barytes on - 
a piece of charcoal, urge it well with heat by means of the blow- 
pipe. The mixture will melt and a globule of glass will be ob- 
tained, Tat Be: Hen Re 
VoL, 11. or P 
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Experiment VII. 
Barytes has a strong attraction for carlonie-acid. 


Let a solution of barytes be exposed to the air, it~will soon 
acquire a pellicle, like lime-water, which after some time sinks 
to the bottom of the vessel. 

Or, mix a little water impregnated with carbonic acid, with 
a solution of barytes, the mixture will immediately become tur- 
bid, and a precipitate will be obtained, which in both cases is 
carbonate of barytes, originating from the union-of the carbonic 
acid and the barytes. | 


} Experiment VIII. 
Barytes tinges the flame of burning alcohol yellow. 

Put a little barytes into a silver spoon, pour over it strong ar- 
dent spirit, and set fire to it with a taper; the spirit will burn 
with a yellow flame, which will be more perceptible by heating. 
the mixture over a candle during its burning. 

Experiment IX. 


Barytes disengages sulphuric acid from all its combinations. 


Dissolve a grain of sulphate of soda in a wine glass full of dis~ 


tilled water, and add to it a few drops of a solution of barytes, 
white clouds will instantly be formed, and an insoluble preci- 
pitate will be gradually deposited. 

Ratronate...In, this case the barytes unites to the sulphuric 
acid of the sulphate of soda, and forms with it sulphate of ba- 
rytes which is one of the most insoluble substances that chemis- 
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try presents, requiring for solution about 43000 times its weight 
~ of water. | 

Remarx...Barytes having a strong affinity for sulphuric acid, 
any other combination of that acid may be made use of instead 
of sulphate of soda. <{ 

The solution of barytes, or its combinations with caiivic, mu- 
-riatic, or acetic acid, are therefore very excellent tests for detect+ 
ing the presence of sulphuric acid. _ Its eonsequently a very 
important re-agent in practical chemistry. 


-EXPERIMENT X. 


Barytes is very soluble in water, and shoots on cooling into 
regular crystals. 


Take barytes, obtained in either of the processes mentioned 
before, put it into a Florence-flask, and pour on some distilled 
_ water; boil the ‘solution briskly till a strong pellicle appears, 

then filter it boiling hot through colourless bibulous paper, freed 
from size, and let the solution cool in a’ corked phial. It 
_ will shoot into regular crystals, which if the evaporation has been 
- earefully conducted, have the form of four-sided prisms of a bril- 
liant and sattin-like-appearance. | ; 
Remark... These crystals are barytes in a state of absolute pu- 
rity. Theyare so soluble as to be taken up again, when heated, 
merely by their own water of crystallization. "When exposed to 
a strong heat, they swell and foam, and leave a dry white pow- 
der. At 60° an ounce of water dissolves ‘only 25 Pauls of pan? 


‘ 
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POTASH. 


PART LXVII. 


SECT. I.. 


- NATURAL HISTORY OF POTASH. 


a 
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Ik wood or vegetables be burnt in the open air, and the ashes 
repeatedly washed with water till it passes tasteless, and if this li- 
quid be evaporated to dryness, the substance which remains is 
called potash; far however from being in a state of purity. In 
this state it occurs in commerce. . 

It is seldom found in an uncombined state, except in wells in 
towns, as at Douay, &c. It is said to exist in the aluminous ore | 
of La Tolfa. In combination with the sulphuric, nitric, and-_ 
muriatic acids, it is found in Spain and in the East Indies. . 

Potash was formerly denominated the vegetable alcali, but 
improperly, because it is met with abundantly in mineral bodies, 
more especially in volcanic products. Dr. Kennedy has lately 
discovered it in the pumice stone. Vauquelin has found it in the 
Zeolite from the Ferro islands. Klaproth has likewise discovered 

it in the Leucite, an earth of the siliceous genus. “ 

Vegetable physiologists are not agreed whether potash be de- — é 
rived from the soil in which vegetables grow; whether it exists 
uncombined with any acid in plants; whether it be a product 
of vegetation; or whether it be generated during the process of 


Coen ae 


burning. 
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' Potash was for a long time bikini in its pure, state, ere cies 
it was difficult to obtain it. We shall examine its properties in 
that state, and then point out the methods of obtaining it.. 


PROPERTIES OF POTASH. 


Potash, in a crystallized form, consists of soft quadrangular 
compressed prisms, which are extremely caustic, and deliques- 
cent. It dissolves all soft animal matters when brought into con-. 
tact with it. It liquefies by a gentle heat, and rises in fumes at 
high temperatures, It does not unite in a direct manner with 
phosphorus. It easily combines with sulphur and metallic oxids. 
It dissolves alumine -in the humid way, and even a small quan- 
tity of silex; but it does not act on glucine or zircon, nor on 
magnesia or lime; It contracts no union with barytes. It ab- 
| sorbs water and carbonic acid rapidly. It fuses into glass with 
silex by the aid of fire. It forms salts which in general do not 
yield their acid unless to barytes. It changes blue vegetable co- 
lours green, and possesses all the general properties of alcalies. 


‘METHODS OF OBTAINING POTASH. 


_ “It has long been a desideratum with chemists to possess a 

method of preparing potash in a state of absolute purity; the 
strong tendency which it has to combination renders: this ex- 
tremely difficult. The following are the methods now made use 
of. ) ts : 

1. Bouillon la Grange’sapp aratus* consists of several boxes of 
common déal. At the bottom put river-sand, which must be 
well washed, and over it add another stratum, but of a finer 
kind, and cover the whole with a cloth,. besprinkled with wood- 
ashes, In the bottom of each box a hole is made, into which is 


Pi3 


* Ta Grange’s Manual of Chemistry, vol, i. p. 172. 
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fitted a glass ‘tube, for the purpose of affording a passage to the 
‘liquor as it filters through the sand. 

Having arranged the apparatus in this manner, take sil parts 
of quick-lime and potash of commerce, if the lime is very caus- 
tic; but in the contrary case, it requires’twenty parts of lime 
to fifteen of potash: put water into an iron kettle, bring it 
nearly to a state of ebullition, and then add lime, which by its 

‘ slaking will bring the water to that state completely. When it is 
slaked mix the potash, and. form of the whole a thick liquid, 


which must be suffered to cool a little. Then pour the mixture — 


into the boxes, and immediately throw water over it; but to 


prevent’ the water from making holes, when added, place over 


it a small board, which: will rise with the water. _ 

-Care must be taken to place earthen pans, or other vessels, to 
— receive the liquor which runs through the tubes; and, that the 
ley may not absorb carbonic acid from the atmosphere, the 
vessels must be closed with care, in such a manner as to exclude’ 
the external air. It will be necessary also to keep water always 
' over the mixture, which’ must be Scion till it passes tasteless 
from the tubes, 

The liquors obtained are nearly of the same degree. oe strength 
till towards the end of the ote when eg grow he aed sud- 
denly. | 

To evaporate the water, use should be made of cast-iron pots, 
beginning with the last portions, which are a little weaker; and 


to prevent the necessity of keeping the strongest, a long time in’ 


contact with the air when boiling, a strong ebullition is requisite. 


When-the fluid is concentrated, to a certain degree, any sulphate _ 


‘of potash that may be arch 4 wate crystallize, and be preci- 
pitated. f ‘ 

To obtain dry potash, pour the concentrated liquor into a small 
_ bason, and proceéd with the evaporation, tili a little of it poured 
_ on an iron_plate, or a marble slab, becomes solid. 


‘Then put the concrete potash into a jar, and pour over it very ° 


strong alc ohol; the potash alone dissolves init; the sulphate and 


_ 
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muriate of potash, with the portions of earth ‘ant even of car- 
bonic acid, which it obstinately retains, or which it may have 
acquired from the air during the evaporation, remain at the bot- 
tom of the solution, Afterwards decant the pure liquor, and dis- 
til it in a retort till it becomes colourless. It must then be eva- 
porated in a silver bason. On cooling, it crystallizes in white 
laminae, which are sometimes three-tenths of an inch in length: 
or, instead of suffering it to crystallize it may be evaporated | to 
_ dryness, 

2. Lowitz has given another method.* According to this 
chemist the whole of the operation for obtaining potash of the 
greatest purity, and without the least colour, consists in this: / A. 

\ lixivium of potash, freed from carbonic acid 1 in the usual manner, 
is evaporated to a thick pellicle. After the cooling, the foreign 
,salt which has crystallized is to be separated, and the evaporation 
of the lixivium continued in an iron pot. During this second 
evaporation the pellicle-of foreign salts, particularly of carbonate 
of potash, which continues to be formed, must be carefully taken - 
off with an iron skimmer, When no more pellicle is formed, 
and the matter ceases to boil up, it is removed from the fire and 
suffered to cool, continually stirred with an iron spatula. It is 
then to be dissolved in double the quantity of cold water, and the 
solution filtered, and evaporated in a glass retort, till it begins to 
deposit regular crystals. If the mass should consolidate ever so 
little by cooling, a small quantity of water is to be added, and 
_ it must be heated again to render it fluid. After the formation 
of a sufficient quantity of regular crystals, the fluid, which is~ 
very brown, is to be decanted, and the salt, after being suffered 
to drain, must be re-dissolved in the same quantity of water, 
The decanted fluid must be kept in a well-closed bottle, -and 
suffered to become-clear by subsiding during several days. It 
's must then be decanted for a second evaporation and crystalliza- © 
tien. The gh ie must be repeated as long as thé crystals at- 
Epics = P 4 


* Nicholson’s Journal, vol. i. p. 74, 
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ford, with the least possible quantity of water, solutions perfectly . 


limpid. ‘These solutions are to be preserved in well-closed bot-. 
tles, to defend them from the access of air. 

The greatest difficulty of this process arises from the facility 
with which the fluid assumes a solid form, ‘To obviate this in- 


“ convenience, a small portion of it may be concentrated to the 
point at which it becomes, converted into a solid mass by cool-. 


ing. The saturation of a lixivium considerably evaporated may 
be ascertained by throwing small pieces of this mass into it dur- 


ing its cooling. When these are no longer dissblnesj it.is.a_ 


proof that it is at the required point. 

With regard to the foreign salts which are mixed with the 
potash, the greatest portion separates by crystallization after the 
first evaporation. ‘The rest is separated during the second con- 
centration by the continual skimming of the pellicle. The little 
which may remain with the potash must precipitate for want of 
water of solution, in a lixiviam, wherein the alcali itself is no 
longer dissolved but by its own water of crystallization. 


REMARKS. 


The property of alcalies to dissolve in highly rectified alcohol, 


with the exclusion of every foreign salt, would afford an excel-. 


lent means of obtaining potash very pure, if their mutual action 
did not afford a new source of impurity. For when an alcali ab- 
solutely pure and crystallized is dissolved in spirit of wine, even 
without heat, the fluid assumes a very brown colour, which be- 
comes still deeper after being decanted from the saline mass. 
The crystallization of potash is very different, accordingly as 


the crystals are formed, with cold or heat. In the first case, the 
crystals obtained are octahedra in groups, which contain 0.43 _ 


water of crystallization, and excite by their solution in water, 
even in the summer, a degree of cold very near the point of 
_aqueous-congelation. In the second case, very thin crystalline 
transparent blades of extraordinary magnitude are formed, ‘which 


_ 
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by an assemblage of lines, crossing each other in infinite direc- 
tions, present an aggregate of cells or cavities, most commonly 
so perfectly closed that. the vessel may be inverted without the 
escape of the smallest drop of the lixivium, though sometimes 
included to the amount of an ounce or two. For this reason, it 
is necessary to break this fine crystallization, that the fluid may 
run off. The crystals present in their regular formation rectan- 
gular tetragonal blades, which as they contain little water. of 
crystallization, produce a considerable degree of heat when dis- 
‘ solved in water. 

By. exposing such alcaline crystals to a red heat in a silver cru- 
cible, they become fused; and, after cooling, afford a mass as 
white as snow, extremely caustic and deliquescent. 

As the crystals and the lixivium, during the length of time 
_ required to drain the salt, may frequently become charged with — 
a portion of carbonic acid, it is advisable, in order to avoid this 
inconvenience as much as possible, that the lixivium, as soon as 
it is brought to the requisite point of concentration, should be 
poured into a narrow-necked bottle, and well closed: therein to 
crystallize. After the crystals are formed, the bottle is to be 
reversed without opening, and kept at a temperature rather warm. 
until the crystals are well dried. During the winter, the liquor, 
after the first crystallization, continues to crystallize without 
being submitted to a new evaporation, provided only that it be 
exposed to a temperature somewhat colder than that wherein the 
first crystals were formed. : 


/ 
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SECT. II. 


EXPERIMENTAL PROOFS 
OF | 
THE PROPERTIES OF POTASH. 


EXPERIMENT Jf. . 


ni Eeenee rapidly absorbs water and carbonic Bre from the 
atmosphere. 


it potash be exposed to the air in an open vessel, it soon at- 
tracts humidity and carbonic acid, augments in weight, becomes | 
liquid, and gradually assumes the state of liquid carbonate of 
potash. ‘To preserve it in a state of purity it must therefore be 
kept in bottles well stopped and entirely filled with it. 

ReMARK...When dry, or fused potash is dissolved in water, it 
first absorbs a certain quantity which it solidifies, calorie is: 
evolved, and then the potash dissolves in the excess of water | 
which is. added. The absorption of water by potash is therefore 
really a combination in consequence of the affinity it exercises, 
‘and is very different from the simple extension of a salt ina li- 
quid by solution; this is’ the reason why sensible caloric is evolv- 
ed from potash and water, and the rest of the alcalies. | 

This effect does not take place but when the alcalies are in a 
dry state, or freed from the water of crystallization ; for.if they 
are in a crystallized state when added to the water, cold is pro- 
duced, because there is no water to be solidified.. A solid then 
passes into a state of liquidity. This we have considered ee, 
more CHECUMPRHEET under the article sail 


r 
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EXPERIMENT II. 
_ Potash combines with silex in the dry way. 


If potash and silex are fused together, 4 combination is ob-' 
tained known under the namé of glass. This product differs. 
according to the quantities of silex and potash of which it is 
composed. 

If three or four parts of hicks be fused with one of silex, the 
result will be a soft brittle kind of glass, which is soluble in 
water. This solution is ¢alled liquid siliceous potash, or impro- 
-perly liquor of flints. 

To prepare this liquid, take one part of silex, reduced to a) 
‘fine powder (or pure sand) and three or four parts of potash; 
put these two substances into a crucible which must be only half 
filled, and place the crucible inthe fire. As soon as the mat- 
_ ter enters into fusion, it puffs up considerably, and continues _ 

to swell till the alcali has dissolved the silex. . The cruciblé is to 
be kept uncovered as long as the effervescence lasts, but when 
it is over, cover the crucible and augment the heat till the whole 
fuses quietly. The contents are then poured out on a dry iron 
plate or stone, the matter as it cools becomes hard and assumes 
the appearance of glass. This matter, when pulverized and dis- 
solved, by pouring water over it, forms liquid siliceous potash. | 
_ Itis decomposable by acids, and pure.siliceous earth may be ob- 
* tained from it in that way as mentioned before. iewaoce 


Rennes Il. 
Potash acts very powerfully i animal substances. 
Immerse a slip of woollen cloth, ora | piece uf muscular flesh 
into a concentrated solution of potash, the animal substance will 


soon become destroyed, and form with the potash a homogeneous 
compound. 
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Experiment IV. 
Potash has a strong affinity for sulphur. 


When equal parts of potash and sulphur are triturated together 
in a glass mortar, the sulphur soon acquires a green colour, the 
mass becomes pasty, its temperature is raised, and a sulphuret 
of potash is obtained. . py dS 


EXPERIMENT V._ 
Potash and snow produce a great degree of cold, 


When four parts of crystallized potash reduced to powder, 
‘and three of uncompressed snow, are hastily mingled together, 
the mixture becomes fluid, and an intense degree of cold is pro- 
duced, which under. proper ‘circumstances is — 5 1° Fahr, 


/ Experiment VI. 
Potash and dense acids produce a great degree of heat. 


If equal weights of potash freed from its water of crystalliza- 
tion by fusion, and dense sulphuric acid are mingled together, 
a great degree of heat will be instantly produced, and a flash of 
light will be seen to pervade the mixture if the experiment be 
made in the dark. ete) 


/ 
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SODA. 


~~ PART: LXVILL. 


“SECT. I.’ 


NATURAL HISTORY OF SODA. 
See 

[ue name of soda is given to the next alcali, which greatly 
resembles potash. Hitherto we are not better acquainted with 
the nature of soda than with that of potash, being equally un- 
certain whether it previously existed ready formed in the vegeta- 

‘ble ; or if it be a combination of certain radicals effected during 
_-the process for obtaining 1 oe , 

Soda frequently occurs in the mineral.kingdom, united with 
sulphuric, muriatic, and boracic acids ; it is also found in lar ge 
quantities in Egypt, combined with carbonic acid. It appears to 
be deposited in large impure masses, under the surface of the 
earth, in various countries, from which it is extracted by run- 
ning water. Thus it is found after the spontaneous evaporation 
of the water, mixed with sand in the bottom of lakes in Hun- 
gary; in the neighbourhood of Bilin in Bohemia; and in “Swit- 
zerland. It occurs also in China, and near Tripoli in Syria, 
Egypt, Persia, and India. It frequently oozes out of walls and 
crystallizes on their surface. 
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"s 


PROPERTIES OF SODA. 


Soda differs particularly from potash by the following proper- 
ties. In the fire it is rather more fusible. When exposed to the 
‘contact of the air it attracts water and carbonic acid, but it does 
not liquefy like potash, it merely acquires a pasty consistence, 
and at last crumbles into powder. It is not altered by light. It 
attracts sulphur and sulphurated hidrogen more feebly. It ad- 
heres less strongly to the acids. It fuses and .dissolves alumine 
more easily. All its other properties, its volatilization by a very 
high degree of heat, its acrid causticity, its solubility, its com- 
binations with sulphur, &c. resemble those of potash. 


- METHOD OF OBTAINING SODA. 


Soda like potash is procured by lixiviation from the ashes of 
burnt plants, but only from those..which grow upon the sea 
shores. The variety of plants employed for this purpose is very 
considerable. In Spain, soda is procured from the differert 
species of the salsola salicornia and batis maritima. ‘The xostera 
maritima is burnt in some places on the borders of the Baltic. 
In this country we burn the various species of fuci ; and in France 
they burn the chenopodium maritimum. 

The soda thus procured is more or less pure accor rding to the 
nature of the particular plant from which it is obtained. one 
greatest part however is a trtie carbonate of soda.* 

In order to obtain it in a state of purity the carbonate of soda 
must be treated like potash of commerce with lime and ardent 
spirit, as described before. 

REMARK... It is curious that some plants, which in their’: native 
soil yield only potash, afford also soda if they are cultivated in 
the neighbourhood of the sea, or on land occasionally inundated 


: by it. # 


* The Beis of preparing soda for the English market, we have stated in 
, Nigra s Journal, for Auguft, 1802. 
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SECT. II. 


EXPERIMENTAL PROOFS 
OF 
THE PROPERTIES OF SODA. 


ra <p ~* 
' 


ExreERtMEnT I. 


- 


Method of distinguishing soda from potash. 


Ler fall into a solution of the alcali to be investigated! a few 
_ grains of oxalic acid ; for this acid forms with potash oxalate of 
potash, which is very soluble, and on the contrary with soda it 
_ produces oxalate of soda, which is of a very difficult solubility. 


ExpPeriment II. 
- Formation of soap. — 


The combination of soda or potash, with oils, or fat.in gene- 
ral, forms the compound called soap. The union of oil, &c. with 
potash, affords those called soft soap; the combination of soda 
with the same substances affords those called Aard soap. It 
seems to be an established truth that potash combined with any ~ 
kind of fat can only afford a soap, to which no cooling can give 
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a hard consistency. The addition kowever of a certain quantity 

of soda, or even murtiate of soda will produce the effect of conso- 

_ lidating it. The formation of white soap may be shown in the 

following manner : ; 

Let one part of lime (previously slaked) and two of carbonate 
of soda be boiled in twelve parts of water for half an hour, filter 
the lixivium through a linen cloth (pouring back the fluid upon 
the cloth till it passes clear) and evaporate it till its specific gra- 
vity be about 1.375, or which is the same thing, till a phial 

-which would contain one ounce of water, will hold an ounce 
and three eighths of the fluid ; this having been done, soap may 
be made by mere mixture of this ley with olive oil, in the pro- 
portion of one part of the former with two of the latter, in a glass 
or stone-ware vessel. This mixture being beat yp from time to 
time with a wooden spatula, soon becomes consistent, and if left 
to stand for four or five days, it forms a-white hard soap. 

Remakk...In large manufactories the ley for making soap is 
made no stronger than to float a new laid egg, when the work- 
men begin to form the mixture. The oil or tallow is first boiled 
with a weak ley until the whole is formed into a saponaceous 
compound. It is then kept boiling with a stronger ley until it 
acquires a considerable consistence, and seems to be separating 
from the fluid below. This separation is a very material part of 
the operation ; and to effect it completely, a quantity of common 3 
salt is added, the materials are continually boiled for three or 
four hours, and then the fire is withdrawn, The soap will now 
be found united at the top of the liquor, or what is called the 

waste-ley, which is of no further use, and is therefore drawn 
off. The soap is now melted for the last time with a ley, or 
even with water, it is then allowed to cool for a short time, and 
afterwards cast into wooden frames. The last raelting is of con- 
siderable importance, as it gives the soap a compact appearance: 
The tallow for making soap is Eoexoned good if Taewt: yield a 


_ton of white soap. 
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Mottled soap is made in a similar manner. as the last, the mot- 
tled appearance is given towards the end.of the operation of boil- 
ing, by dispersing the ley through the soap, or by adding to it a 

quantity of a solution of sulphate of iroh, which by its decompo- 
sition, deposits its oxid through the soap, and gives it an appear- 
ance of blue marble. In some manufactures the black oxid of 
manganese is made use of for the same purpose. 

Yellow soap is made with tallow and resin ; and these are 
reckoned good, if 10 cwt. of tallow, and 3icwt. of resin with 
the proper quantity of soda afford a ton of soap.* 

Soap of wool may be made by boiling shteds of woollen cloth 
of any kind, with ley, till the whole has acquired a certain con- 
sistence, This kind of soap has been made and applied with 
success, in several manufactures in France. 

An ammoniacal soap may be produced, by pouring a concen- 
trated solution of muriate of ammonia into a solution of common 
soap. 

A soap of lime, Larytes, and strontia, may be formed, by pour- 
‘ing solutions of these alcalies into that of common soap. These, 
together with the following terrene © 'SOaps, Aare insoluble, and pos- 
sess no detergent properties. 

Amongst the earthy soaps those of magnesia and alumine are 
the principal. Soap of magnesia is produced by mingling a so- 
lution of common soap with a solution of sulphate of magnesia. 
Soap of alumine is obtained by adding to a a solution of soap a so- 
lution of alum of commerce. © 


Vou. uu, ibs Q 


>» 


* Nicholson’s Journal, 4to edition, 1779, No. xxviii, P. 108, ° 
+ Ann. de Chimie. xxi, 27, 


242 NATURAL HISTORY OF STRONTIA. 


STRONTIA. 


PART LXIX. 


SECT. I. 


a 


NATURAL HISTORY OF STRONTIA. 
<a 


GrTRONTIA was for some time confounded with. bafytes. 
Indeed a great many of its properties are so similar to it, that 
every thing which has been said of the latter will apply to stron~ 
tia. Tt approaches to barytes as soda approaches to potash.. 
Klaproth and Dr. Hope, in the year 1793, were the ee who 
established its peculiar nature. 

Strontia exists in a fossil state, and was first ~discovered at 
Strontian, in Argyllshire im Scotland, from whence it takes its 
name. It.is found united to carbonic acid, forming what is 
called carbonate of strontia. This mineral is somewhat transpa- 
rent, but it has in general a yellow, or greenish tinge. Combined 
with sulphuric acid, it constitutes the mineral called sulphate of 
strontia. This fossil is of a reddish or flesh colour ; it has been _ 
found lately by Mr. Clayfield, in the vicinity of Bristol, and has’ 
also been met meaty’ in Pensylvania. 


PROPERTIES OF STRONTIA. 


Strontia in a state of purity has a caustic taste, it changes | 
blue vegetable colours green, and unites oil with water, It at- 
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tracts carbonic acid strongly from the atmosphere, becomes 
slaked and swells up. It heats much and hardens strongly with 
water. It is not fusible by the blow-pipe, but becomes extremely 
phosphorescent. It tinges the flarne of burning bodies carmine- 
red if moisture be present. It is soluble in 200 parts of water at 
the commion temperature; boiling water dissolves it readily; and 
the solution on cooling shoots into régular crystals; these are thin 
quadrangular plates, sortietimes square, oftener parallelograms. 
It has a great attraction for acids, but adheres to them with less 


force than barytes, and even with less than potash and soda. It __ 


combines with combustible bodies such as sulphur, phosphorus; 
&c, Itis not poisonous to animals. 


METHOD OF OBTAINING STRONTIA. 


Strontia may be obtained from its native combinations by 
processes similar to those by which barytes is obtained (see 
page 223), It may also be procured by exposing the native carbo- 
nate of strontiato heat ; care however must be taken not to have’ 
the fire too strong as the strontia in that. case attacks the 
earthen crucible. The former methods are therefore preferable. 

In order to obtain it from sulphate of strontia, let a quantity of 
_ this mineral be reduced to powder; mix it with about one-sixth 
part of its weight of charcoal powder, and keep it for some 
hours red hot in a crucible. Then dissolve the mass in water, 
and pour nitric acid into. the solution so long as a précipitate 
ensues, ‘The solution is then to be filtered, evaporated till a 
strong pellicle appears, and suffered tocrystallize. These crystals 
of nitrate of strontia may then be decomposed by exposing them to 
heat till all the nitric acid is driven off, which may be known by 
holding a piece of ignited charcoal over the fused nitrate, if the 
flattie of the charcoal does not become enlarged the acid is dispel- 
led. In order to obtain it crystallized it may be dissolved in 
boiling water, evaporated, and suffered to cool. 


\ 
7 


Q 2 
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SECT. II. 


EXPERIMENTAL PROOFS 
OF 
THE PROPERTIES OF STRONTIA 
Suniininenime. :commeentneameent 
EXPERIMENT I. 


Strontia tinges the flame of Lurning bidies carmine-red. 


Tus may be shown by dissolving either strontia, or nitrate, 
or muriate of strontia in ardent spirit and setting fire to the solu- 
tion; which will burn with a carmine-red flame. 

Remark...The experiment is best performed by moistening 
the strontia with ardent spirit in a silver spoon, setting fire to 
the mixture, and holding it while burning over the flame of a 
candle in order to cause a quick and rapid combustion. 

ReMARK...It is curious that moisture is absolutely necessary, 
forif the alcali be totally deprived of water by heat it does not 
produce this effect. t | 

A beautiful red fire may also be produced by mixing one part 
of nitrate of strontia with two or three parts of charcoal powder 
. and setting fire tothe mixture with a red hot coal or a poker. 


Experiment II. 
Strontia combines with sulphur. 
(Sulphuret of Strontia.) 


If equal parts of strontia and sulphur are mingled together and- 
exposed to a red heat, the substances unite and form a sulphuret 
of strontia of a yellowish brown colour. 
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When ‘water is poured on sulphuret of strontia and the 
solution ig evaporated, hydro-sulphuret of strontia is obtained in 
a crystalline state, and a a iach sulphuret of strontia re- 
mains in the solution. 


— 


Experiment III. 
Strontia combines with phosphorus. 
(Phosphuret of Strontia.) | 


If six parts of strontia be mixed with one of phosphorus in an 
iron or earthern tube closed at one end, and the mixture be heat- 
ed gradually to a dull red-heat, a combination takes place accom- 
panied with a fash of light, as first noticed by Dr. Thompson. 
This phosphuret decomposes water, like the phospharet of lime, 
discovered by Dr. Pearson, 


EXPERIMENT IV. 


Strontia combines with oxigenated muriatic acid; the decomposi- 
tion of which, by sulphuric acid, is accompanied with a vivid 
emission of light and increase of temperature, : 


This curious fact was first noticed by Messrs. Davy and Clay- 
field.* In order to form oxigenated muriate of strontia, let a 
stream of oxigenated muriatic acid gas pass through a saturated 
heated solution of strontia in water, till it is neutralized, which may 
be known by the solution having acquired an orange colour. On 
pouring into this fluid a quantity of sulphuric acid, a great in- 
crease of temperature takes place, accompanied with a vivid emis- 
sion of light. But no light is developed, if the acid be bea 
upon.dry oxigenated muriate of strontia. | 


Q3 


* West Country Contrib. p. rr. 
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LIME, 


PART LXX. 


SECT. f. 


NATURAL HISTORY OF LIME. 


"Tuts substance we have transferred from the class of earth, 
and placed it among the alcalies, for it possesses all the charac- 
_ teristic properties of these bodies in a striking manner, its spar- 
ing solubility in water only excepted.. : 

Lime is found in great abundance in nature, though never 
pure, or in an uncombined state, It is always united to an acid, 
and very frequently to the carbonic acid, as in chalk, common 
lime-stone, marble, calcareous spar, &e. It is contained in. the 
waters of the ocean; it is found in vegetables; and is the basis 
of the bones, shells, and other hard parts of animals, Its. com- 
bination with sulphuric acid is known by the name of sulphate 
of lime (gypsum, or plaster of Paris). Combined with fluori¢ 
acid it Constitutes fluate of lime, or Derbyshire spar, 
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PROPERTIES OF LIME. 


Lime is in: solid masses, of a white colour, moderately hard, 
‘but easily reducible to powder. Its taste is bitter, urinous, and. 
burning. It changes blue cabbage | juice toa green. It is un- 
alterable by the heat of ovr furnaces. It splits and falls into 
powder in the air, and loses. its strong taste. It is augmented in 
weight and in size, by slowly absorbing water from the atmos- 
phere. Its specific gravity is2.3. It combines with phosphorus 
by heat. It unites to sulphur both in the dry and humid way. 
It absorbs sulphurated hidrogen gas. It unites with some of the 
metallic oxids. Its slaking by water is attended with heat, hiss- 
ing, splitting, and swelling up, while the water is partly conso- 
lidated and partly converted into vapour; and the lime is reduced 
into a very voluminous dry powder, when it has been sprinkled 
with only a small quantity of water. It is soluble when well 
prepared in 300 parts of water. It unites to acids. It renders 
silex and alumine fusible, and more particularly these two earths 
_ together. . f 


METHOD OF OBTAINING LIME. 


Since the carbonic acid may be separated from the native car- 
bonate of lime, this becomes a means of exhibiting the lime in 
. a state of tolerable purity. For this purpose, introduce into a 
porcelain or earthen retort, or rather into a tube of green glass, 
well coated over with lute, and placed across a furnace, some » 
powdered Carara marble or oyster-shell powder. Adapt to its 
lower extremity a bent tube of glass conyeyed under a bell. 


” If we then heat the tube, we obtain carbonic acid gas; and lime 


will be found remaining in-the tube or retort. 

RemMArk...The burning of lime in the large way Acacias on 
the disengagement of the carbonic acid by heat: and, as lime is 
infusible in our furnaces, there: would be no danger from too 


Q4 
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violent a heat, if the native carbonate of lime were-~ perfectly 
pure; but as this is seldom the case, an extreme degree of heat 
produces a commencement of vitrification in the mixt stone, and 
enables it to preserve its solidity, and it no longer retains the 
qualities of lime, for it is covered with a sort of crust which 
prevents the absorption of the water when it is attempted to be 
slaked. ‘This is called over-burnt lime. pis 

ReMark...It is probably owing to the first circumstance, that 
the lime prepared by Lord Stanhope, is so far superior to that 
met with in general. 

In order to obtain lime in a state of great purity; the follow- 
ing method may be had recourse to. 

Take Carara marble, cr oyster-shells, reduce them to powder 
and dissclve the powder in pure acetous acid, precipitate the so- 
lution by carbonate of ammonia. -Let the precipitate sub- 
side, wash it repeatedly in distilled water, let it dry and then ex- 
pose it to a white heat for some hours, 

RaTIoNALe...The acetous acid in this operation unites to the 
lime and forms acetite of lime, disengaging at the same time the 
carbonic acid, which flies off in the gazeous state: on adding to 
the acetite of lime carbonate of ammonia, acetite of ammonia, 
and an artificial carbonate of lime are formed, from the latter 
the carbonic acid is again expelled by exposure to heat, and the 
lime is left behind in a state of perfect purity. 
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; 


SECT. If. 


EXPERIMENTAL PROOFS © 
OF 


THE PROPERTIES OF LIME. 


EXPERIMENT I, 
Lime-condenses water rapidly, with an increase of temperature. 


"Tus may be shown by sprinkling a little water on some fresh 
burnt lime. The above mentioned phenomena will take place, 
and the lime will fall into powder. The degree of heat produc- _ 
‘ed, if a large piece of lime be slaked, is even sufficient to set 
fire to a brimstone match, if the latter be introduced into the 
-erack of it. For similar reasons vessels loaded with lime have 
been set on fire, 


EXPERIMENT II, 
Lime has a strong attraction for carbonic acid. 
If we bring a jar filled with carbonic acid gas in contact with 
lime-water, and agitate the latter, a rapid diminution will ensue, 


and the lime-water become milky. It may also be shown by 
letting a current of carbonic acid gas pass into lime-water. 
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RATIONALE... Lhe carbonic acid unites with the dissolved lime, 


_ and forms carbonate of lime, which on account of its insolubi- 


lity is precipitated. 

REMARK.. .Though lime saturated with eotanc acid forms 
an insoluble compound, yet when super-saturated with it, the 
product is re-dissolved, as will be evident from the following 


’ Experiment III. 


Lime sur-saturated with carbonic acid is soluble in water.’ 


Add toa jar about one-fourth filled with lime-water, gradually, 
a yery small quantity of water impregnated with carbonic acid, 
a milkiness will ensue, because the carbonic acid forms with 
the lime an insoluble compound. On adding more of the water, 


‘and shaking the jar as these additions are made, the milkiness 


at last disappears, and the whole precipitate becomes re- dissoly- 


ed. Hence it is evident that lime, with a small quantity of car-_ 
bonic acid, is insoluble; and, with a larger qnaneey; becomes 
again dissolved in water. . 

The carbonate of lime dissolved by an excess of acid is again 


separated, when this excess is driven off. Thus boiling, which 


expels the super-abundant acid, again precipitates the carbonate, 
Remark...It is thus that nature dissolyes calcareous masses, 
which have been collected and deposited by the waters. When 
the waters by their exposure to the air, lose that quantity of car- 
bonic acid which favoured the solution of the lime, deposits are 
formed, and hence the stalactites and incrustations found in ca-. 
verns, springs, &c. and even the foliaceous calcareous strata of — 
rocks, which without doubt havé been held in solution. 
"When these waters suddenly lose the acid which was essential to _ 
the solution, there is an irregular precipitation; hence those tender 


calcareous ‘cellular stones, and perhaps also the spongy tuffs;_ 
‘but if the evaporation of the carbonic acid takes place slowly, it 


produces crystallizations, such as stalactites, &c. . All this there- 


4 
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fore proves that carbonate of lime is not dissolved i in water but 
by an excess of carbonic acid. 


7 


ExpPERIMENT IY. 
Lime absorls carbonic acid-and water from the atmosphere, 


Lime-water remains unchanged in well closed vessels; but 
when exposed to the open air, it becomes coyered with a thin 
pellicle, which, on becoming thicker, breaks and falls to the bot- 
tom, making room for another new crust, till at last all the lime 
is separated. 

RaTionate...Lhe cause of the alterations which the lime- 
water undergoes when exposed to the air, originates from the 

-garbonic acid of the atmosphere, being powerfully attracted by 
_ the lime dissolved in the water, which thus hecomes converted 
into an insoluble carbonate of lime. 

The same changes take place with lime itself when in contact — 
with common air: it first attracts moisture and* then carbonic 
acid; and being thereby gradually slaked, it swells up, splits, 
falls to pieces, and loses its sharp taste. Its weight is en- 
ereased, and it becomes efferyescent. It sensibly returns to 
the state of carhonate of lime. The greater the humidity of the 
air, the speedier these phenomena take place, and are the more 
striking. During this gradual slaking, heat is perceptible, by 
the absorbed water losing its caloric. | It feels therefore warm, 
and a thermometer immersed i in it, rises considerably above the 
temperature of the surrounding medium, 


eo 


ExpreRiment VY. 


Lime is soluble in water, it finges blue vegetable colours Breen: 


When more water is added to ‘lime than is necessary tq 
fake it, it becomes at Jast dissolved. About 300 parts of 
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water are required for one of lime. This solution is known 
by the name of lime-water. It has a pungent, alcaline taste; 
on adding it to an infusion of saat or violets, it changes their 
_ blue colour into green, 


EXPERIMENT VI, 
Lime unites to sulphur both in the dry and humid way. 


This has been noticed already, vol. I. p. 130. 

Remakk....Sulphuret of lime has lately been proposed for. 
bleaching, by Professor Higgins of Dublin. The alternate im- 
mersion of the cloth in the oxigenated muriatic acid, and ina 
diluted solution of sulphuret of lime, is said to produce the } 
same effect as the alternate application of the acid, and of a so- 
jution of potash or soda. 

The combination of lime with phosphorne by heat, has been 


noticed, vol. I. p. 164. 


Experiment VII 
Lime fuses with silex and alumine at high A asintt sing 


Though lime is perfectly inkdsible as well as silex, yet if they 
are heated together they will become fused, provided the pro- 
portion of the former be considerably greater than that of the 
latter. Mixed with a third of its weight of alumine the mass 
may likewise be fused with facility. 

A mixture of these three substances fuses*much easier and 
more completely than lime with either of them singly; thus, 
one part of-lime and one of alumine may bring into fusion two, 
and éven two parts and a half of silex. ; 


\ 
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» PREPARATION OF MORTAR AND CEMENTS. 


Lime forms the principal part of the mortar or cement, used 
for connecting stones and bricks in buildings. It is generally 


made of lime, sand, and water. Its hardening is a species of 


crystallization, owing to a slow absorption of carbonic acid and 

‘water. No certain pfoportion of lime, silex, and water, for 
_ forming mortar, is adhered to in this country ; we are informed 

however, that in the best mortar one part of lime and two of 

' sand are generally. mixt with so much water as is sufficient to 
give it a certain consistence. The lime, the sand, and the 
water require to be very much beaten together, in order to pro- 
duce an intimate mixture and combination of them in their mi-. 
“nutest particles, without which the ‘mortar cannot possibly 
answer the intended purpose. 

_ Water cement, or mortar, which has the property of harden- 
ing under water, may be prepared according to Guyton,* by 
mixing together four parts of blue clay, six of black oxid of 
Manganese, and nine of carbonate of lime. This mixture is to 
be heated to a white heat, in order to decompose the carbonate 

‘ of lime, it is then mixed with 60 parts of sand, and formed 

into mortar with a sufficient quantity of water. ) 

_ Dr. Bryan Higgins has found that burnt bones improve the 

common mortar very much; and as the mortar prepared according 

to his direction is certainly the best that can be proposed, we shall 


shortly notice the composition of it. Take 56 parts of washed | 


coarse sand, whose single grains do not exceed *, part of an inch 


in diameter, and 42 of fine sand. Mix and wet them with lime- 
water, add gradually 14 parts of slaked lime, beat it well to- 


gether,. and lastly, add a like quantity of powdered bone-ashes. 


* Ann. de Chimie xxxvii, p. 259. 
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| AMMONTA<. 


PART LXXI. 


Avmmonta is very different from all the preceding alca- 
lies by its great volatility ; its irritating and pungent: odour ; 
its easy decomposition and recomposition, and consequent- 
ly its well known nature. We are not capable of produc- 
ing it pure in the solid form, but it always appears either com- 
bined with water, in a liquid state (liquid ammonia) or in 
the state of gas. It forms the prussic acid with ignited char- 
coal. It dissolves phosphorus and sulphur. It neither acts 
nor is acted upon by any terrene substance. It has greatly 
assisted the progress of modern chemistry in the knowledge of 
animal matters. Its nature and properties have been fully in- 
vestigated under the article ammoniacal gas. (Vol. I. p. 309). 
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COMBINATION OF OXIGEN WITH COMBUSTIBLE BODIES. | 


t THEORY 
3 OF THE © 
DECOMPOSITION AND FORMATION 


OF 


WATER. 


PART LXXII. 


SECT. Ie 


"Tue physical properties of water are well known; many of 
them have been examined already. The object of the present’ 
part is, to show that water is a compound of two simple bodies, | 
namely, oXigen and hidrogen, and that it may be decomposed 
into, and re-produced from them alternately. 


DECOMPOSITION OF WATER BY CHEMICAL 
AGENCIES. 


Take a gun-barrel, the breech of which has been removed, 
and fill it with iron-wire, coiled up in a spiral form. To one end — 
of the barrel adapt a small glass retort, partly filled with water ; 
| and to the other, a bent glass tube, the open end of which ter- 
minates a uoder the shelf of the pneumatic Souge Let the barrel © 


256 DECOMPOSITION OF WATER 


be placed in such a manner across a furnace, that the end to 


which the retort is luted be a little elevated. Then light a fire in 
the furnace, and, when the gua-barrel has become red-hot, apply 


a lamp under the retort containing the water. The steam of this 
fluid will thus pass through the red-hot iron barrel, and become 
_ decomposed. Its oxigen unites with the iron, and its hidrogen 
becomes liberated in the form of gas, and ah be collected in 
the pneumatic trough. 

The same experiment may be repeated, substituting a coated 
glass or earthen tube for a gun-barrel, and weighing the iron 
wire accurately before and after the experiment. The Wire will 
be found to have gained weight,. in proportion to the quantity 
of oxigen which formed the water. If this weight be added to 
that of the hidrogen gas-it will make up exactly the weight of 
the water that has disappeared. 

From experiments of this kind, conducted with the utmost 
accuracy, as well as from synthetic investigations, it appears that 
water is composed of 85 parts of oxigen, and 15 ‘of hidrogen 
by weight very nearly. But as hidrogen gas is at. least eleven 
times lighter than common air, the proportion of gases, by vo- 
lume, required to form water, is about two of hidrogen to one 
of oxigen. | it 

Remark...Water may be decomposed in a similar apparatus, 
by distilling it over, red-hot charcoal instead of iron wire, but 
in this case the oxigen of the water combines with part of the 
charcoal and forms carbonic acid gas, while its hidrogen unites 
to another portion of the charcoal, and produces carbonated hi- 
drogen gas. (See vol. I. p. 245.) _ 


DECOMPOSITION OF WATER BY ELECTRICITY 
AND GALVANISM. 7 


¢ f 


Water has also been decomposed by the agency of electricity 


and galvanism. If «uninterrupted electrical discharges be made 


to pass through a quantity of water, part-of it is decomposed into 
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oxigen and hidrogengases, and the mixture of these gases may be 
_ again inflamed by the electric spark so as to produce water. 
This fact was first discovered by a society of Dutch chemists ; 3° 
and the principal circumstance in the experiment is, the transmis- 
sion. of electrical shocks, through a confined portion of water. 
The apparatus employed in this experiment by Messrs. Dieman 
and Van Troostwyk, is a glass tube, about one-eighth of an inch in 
diarheter, and 12 inches long, one of the ends of which is sealed 
hermetically, a gold wire being inserted at this end, and project- 
ing about an inch and half within the tube. About the distance 
of five-eighths of an inch from the extremity of this, another wire 
is to be fixed, which may extend to the open end of the tube. 
The tube is next to be filled with distilled water, and to be placed 
inverted in a vessel of the same. When thus disposed, electrical 
shocks are to be passed, between the two ends of the wire, through 
the water; and if these shocks be sufficiently strong, bubbles of 
air will be formed at each explosion, and will ascend, till the upper 
part of the wire is uncovered by the water. ‘As soon as this is ef- 
fected, the next shock that is passed sets fire to the air; and the - 
water rises again in the tube, a very small quantity of gas re- 
maining. ‘Now as hidrogen and oxigen gases, in a state of admix- 
_ ture, are the only ones, that are capable of inflaming by the electric 
_ shock ; and as there is nothing i in the tube, besides water, that can 
afford them in this experiment, we may safely infer, that the 
evolved hidrogen and oxigen gases arise from decomposed water. 

An impfoved apparatus, exhibiting the same experiment with | 
less trouble to the operator, has been invented by Mr. Cuthbert- . 
son, and -may be seen described and figured in Dr. Pearson’s 
paper, in the Phil, Trans. for 1797, or in Nicholson's Journal, 
Vols. 1 and 2. 

We are likewise indebted to Dr. ‘Wollastorie, for decomposing 
water in a more commodious manner than the former methods, 
which require a powerful electrical machine, and considerable 
~ Jabour. It is as follows : ‘ 
‘Vou. II. RA” | 


¢ 
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Let two fine gold wires be fixed in separate small glass tubes by 
fusion; and let the ends of these tubes be ground away till the 
very section or extremity of each wire is laid bare: Jet the other 
end of each tube be furnished with a larger wire connected with: 
-a metallic ball, which wire communicates with the gold wire 
within. These two tubes are then fixed by fusion in a larger 
glass tube, provided with a conical drawn aperture, through 
which it can be filled with water, all but a small vacuity or bub- 
ble, and then sealed. The apparatus is then complete; and if a 
stream of, electricity or galvanism, be passed through it, the water 
is decomposed. ‘The apparatus will be more evident from the 
following sketch: 


The method of decomposing water by galvanism was discover- 


ed by Messrs. ‘Nicholson and Carlisle, in the year 1801. “This. 


discovery will, in point of importance, for ever remain among 
the first discoveries that have been made in philosophical che- 
inistry. Nothing more is necessary for that purpose than to take 
a narrow glass tube 3 or 4 inches long; fit each end with a cork, 
penetrated by a piece of slender iron wire, and fall the tube with 
water. Let the ends of the two wires be distant from each 


other, about three-fourths of an inch; and let the one be made 


to communicate with the bottom of the galvanie pile, the other 
with the top. On making this communication, bubbles of air 
will form, and ascend to the top of the tube; the wire being ra- 
-pidly oxidated. In this experiment, the water is decomposed ; 
its oxigen unites with the iron, and its hidrogen appears in the 
state of gas. 


If this experiment be made with the sabes deiots: for i iron, of © 
some metal that is not oxidated by water, as gold for example, 


we obtain a mixture of hidrogen and oxigen gases, as im the ex- 
periment of Messrs. Diemam and Van Troostwyk. 


RE-COMPOSITION OF WATER. 250 


RE-COMPOSITION OF WATER. 
ER 


| Ir is; however, not sufficient to decompose water into its con- 
stituent principles, oxigen and hidtogen, to produce compleat 
conviction; we must re-compose it with the radicals which re- 
sulted from its decomposition : happily. modern chemistry has 
enabled us to accomplish this. 

It has been proved already, vol. I. p. 204, that oxigen and hi- 
drogen gases, when fired in proper-proportions, producé a quan- 
tity of water, equal in weight to the two gases employed; it is, 
therefore, obvious that, by thus exploding repeatedly portions of 
a mixture of these gases, a considerable quantity of water will at 
last be produced. This being established, it would be Pope 
fluous to dwell upon it further... 

To perform the combustion of oxigen and hidrogen gases, for 
_ the production of water, conveniently, some particular kinds of 
apparatus have been invented. A simple contrivance, for show-, 
ing the formation of it, we have noticed already, vol, I. p. 206: 
but the cheapest, most convenient, and most simple apparatus 
for that purpose has been invented by Mr. Cuthbertson, of which 
_ a description and psi dis has been given.in Nicholson’ 8 Journal. . 
(Ato edit.) vol, i P. 235.. 
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ACIDS. - 


PART: LXXIIL 


FORMATION OF ACIDS. 


Accorpine to the theory of Lavoisier all acids consist of a. 
certain base united to oxigen, which is considered to be the 


cause of acidity. We are acquainted with the bases of the sul- 
phuric, nitric, phosphoric, arsenic, &c. acids: we, know that 
hidrogen, carbon, and oxigen, form the bases of the citric, ma- 


lic, oxalic, acetic,. gallic, and all the rest of the acids called : 


vegetable; and that the same substances, in combination with ni- 
trogen, constitute those called animal acidsj such as prussic, 


&c. But we are totally unacquainted with the radicals of the 


muriatic, boracic, and fluoric acids, they must therefore be ana- 


logically considered as simple bodies in the present state of our 


knowledge, 


/ 
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We have divided the acids into three classes; viz. 
“1. Acids whose bases are unknown, or ‘undecomposable 
acids. a ti ne 1 | 
2. Acids composed of two bases. 
3. Acids composed. of more than two bases. 
The bases which become acid by the union of oxigen are ca- 
pable of being united to it in various degrees. When the oxigen- 
ation is complete they are called perfect acids. But if they are 


. hot saturated with oxigen, they mostly appear in a state of less 


acidity. In the new nomenclature the termination IC is given 
to the complete oxigenation of these bodies, and the termination 
OUS when they present themselves in an imperfect state of com- 
bination with oxigen. Hence by the name of, sulphuric acid, 
-we mean sulphur completely.saturated with oxigen; and by the 
name sulphureous acid,” we’ understand »sulphur not saturated. 
with cxigen, cea ee : 


mee, 


GENERAL PHYSICAL PROPERTIES OF ACIDS. 


Acids are either in the solid, liquid, or gazeous state, © They 
excite a peculiar sensation on the palate called sour. They change 
most of the blue vegetable colours red. Most of them unite to 
water in all proportions, and many have so strong an attraction 
for that fluid, as to be incapable of appearing in the solid form, 
They all combine with alcalies so strongly a8, to disengage them 
from many other substances. They mix with the earthy and 
metallic ‘substances, and form combinations attended with nume- 
“rous interesting phenomena ; upon the due explanation of which 
a great part of the science of chemistry depends. ‘ 

Remark...It must be noticed however, that every acid does 
~ not possess all the properties here enumerated, but all possess a 
sufficient number to distinguish them from other substances ; 
and this is the a ee which artiicial Bade at tay on 
possibly answer. 


Rs 
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Class I....ACIDS WHOSE BASES ARE UNKNOWN, OR 
| UNDECOMPOSABLE -ACIDS. 


MURIATIC ACID. 


PART LXXIV, 


Moatatic acid exists in the gazeous state, and forms mu- 
riatic acid gas, which has been considered aay vol. I. p. 327. 
The basis of this acid is naknowee 


Aten te bees MURIATIC ACID, 


Liquid muriatic acid, or water impregnated with muriatic acid . 
gas, is a colourless, very odorous, and pungent fluid. It emits 
copious white fumes in contact with moist atmospheric air, these 
fumes are muriatic acid gas that escapes from it, and condenses 
again by combining with the humidity of the air. If a wide- 
mouthed bottle containing strong muriatic acid be opened, and 
the hand brought near its orifice, a sensible warmth is perceiv- 
. ed, which arises from the combination of the acid gas with the 
water of the atmosphere. Liquid muriatie acid is unalterable by 


~ 
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any known combustible body. It disengages the carbonic, phos- 
phoric,- and sulphureous acids from all their combinations, but it 
is constantly expelled by the action of the sulphuric acid. 


METHOD OF OBTAINING MURIATIC ACID. 


Muriatic acid is best obtained by decomposing muriate of soda . 
or common salt, by means of sulphuric acid, in the following 
manner: 

Put into a iiowdanen retort, lodged in a sand-heat, or sup-" 
ported over a lamp, and connected with Pepys’s distillatory vessel, 
or Woulf's bottles, every one containing a small quantity of dis- 
tilled water; three parts of muriate of soda, and pour on it one 
of sulphuric acid very gradually, or rather let it be suffered to 


_ drop into the retort, by means of a funnel fastened to its tubu- 


lure, and whose inner opening may at pleasure be closed, 
wholly, or in part, by means of a ground-glass rod. Muriatic 
acid gas will be plentifully disengaged, which passes through 
the neck of the retort, and becomes absorbed by the water. 
When the water in the first bottle is fully saturated it absorbs 
no more and becomes cold, but the gas continues to pass into 
- the next bottles, aiid heats the water they contain, The water 
thus impregnated with muriatic acid gas is called muriatic acid. 
_ -Remark...If sulphuric acid diluted with an equal quantity, by » 
weight, of water, be made use of ‘in this process, the apparatus 
of Pepys or Woulf may be dispensed with, and a common re- 
ceiver may be used with safety, | 


The salts formed by the combination of muriatic acid, with 
different bases, are called MuRIATES. 


RA i 
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"PROPERTIES OF MURIATES. 


These salts yield white vapours (muriatic acid gas) by the 
affusion of sulphuric acid, and yellowish-green vapours (oxige- 
nated muriatic acid gas,) by nitric acid; both attended with con- 
siderable effervescence. They are decomposed by solution of 


silver, and are volatile at high patil a atures without ance segs 


tion. 


METHODS OF OBTAINING MURIATES. 
Muriate of potash, ‘soda, ammonia, barytes, strontia, lime, 
magnesia, &c. may be obtained by dissolying the carbonates of 
these substances in muriatic acid, to perfect saturation, evaporat- 


ing the solution, and suffering it to crystallize. Muriate of iron © 
may be produced by-dissolving iron filings in muriatic acid to sa- | 


‘turation, evaporating the solution and crystallizing it. Muriate 
of tin, zinc, arsenic, and nickel, may be obtained in a similar 
manner. Muriate of lead is best prepared. by pouring muriatic 
acid into a solution of nitrate of lead, the muriate of lead pre- 
‘cipitates instantly. Muriate of gold is obtained by dissolv- 
_ ing gold in nitro-muriatic acid. ,Muriate of silver is formed by 
pouring muriatic acid into a solution of nitrate of silver. Mu- 


riate of copper is produced, according to Cheneyix, by mixing - 


54.5 parts of black oxid of copper, and 50 parts of copper ob- 
tained by precipitating that metal from its solution, by a plate of 
iron, and putting this mixture with muriatic acid into. a well 
stopped phial; the solution will then contain muriate of copper. 
Muriate of mercury has been noticed already. Mluriate of bis- 


muth is obtained by dissolving this metal in nitro-muriatic acid. 


Muriate of antimony is formed in a similar manner. 


a ne 


—————— 


ci 
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BORACIC ACID. 


PART LXXV. 


"Tue composition of this acid is also unknown. » It exists 
‘united to soda in the salt called borax, or sur-saturated borate of 
soda. United to lime and magnesia, it forms the mineral called 
~ borate of lime. | 


. PROPERTIES OF BORACIC ACID. 


Boracic acid appears in brilliant, glittering, white, hexahedral 
scales, soft and unctuous to the touch. Its taste is bitterish, 
with a slight degree of acidity. It is soluble in alcohol which it 
causes to burn, when set on fire, with a green flame surrounded © 
with a white one. It is of ‘difficult solubility in cold water, but | 
is easily dissolved in’ boiling water. When heated strongly it 
- fuses into glass. If heated with water it is carried up by the 
aqueous‘vapour. It has no action on combustible bodies. 


. METHODS OF OBTAINING BORACIC ACID. | 
nt Dissolve any quantity of sur-saturated borate of soda in 


boiling water, and-add to this solution sulphuric acid, by a little 
at a time, till the solution be rather more than saturated. Then 
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_ evaporate it slowly to one-third, and set it aside to cool; white 
scales will be deposited, which are boracic acid. After all the 
acid has been crystallized out of the solution, the salt must be 
re-dissolved, re-crystallized, and lastly, washed in distilled water, 
‘drained on filtering paper and then dried. 

2. Boracic acid may likewise be obtained by sublimation, from 
two parts of sur-saturated borate of soda, one of sulphuric acid, @ 
and one of water. | 


The union of boracic acid with different bases, forms salts — 
called BORATES. aaa ee ) 


PROPERTIES OF BORATES. 


Borates are vitrifiable by heat, but they are not altered by 
combustible bodies. "When concentrated solutions of them are 
boiled with sulphuric, nitric, or muriatic acid, they are decom- ~ 
posed, and deposit on cooling brilliant lamellated Says of bo- 
racic acid. | 


METHODS OF OBTAINING BORATES. 


Borate of soda, potash, or ammonia, may be formed by neutra- 
lizing these alcalies, with a concentrated solution of boracic acid. 4 

Borate of lime is produced, by adding a strong solution of _ 
boracic acid to lime-water. Borate of magnesia is obtained by 
dissolving magnesia in boracic acid. Borate of alumine is form- 
ed by mingling a solution of borate of soda,-and sulphate of alu- 
‘mine. Borate.of silver may be formed, by pouring a solution of ~ 
common borax into a solution of nitrate of silver. Borate of 1 
mercury is obtained in a like manner. Borate of copper is pre- 
cipitated by mixing a solution of borax with sulphate of copper. 

Borate of iron, borate of lead, borate of zinc, and borate of 
_ nickel, may be formed, by adding a solution of borax of com- 
merce to solutions of these metals in Sy or muriatic acid, 
‘The new compounds precipitate. 
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‘FLUORIC ACID. 


“ 


PART LXXVI. 


Tus is another acid of which the composition is unknown. 
It exists in a gazeous jstate and forms fluoric acid gas, (see 
Vol. I. page: 343.) United to water it constitutes liquid fluoric 
acid. 


PROPERTIES OF FLUORIC ACID. 


The distinguishing property of fluoric acid is, its power of dis- 
_ solving and volatilizing silex. Its odour resembles muriatic acid. 
On being exposed to a moist atmospheric air, it emits white — 
fames. Its action upon all the inflammable substances is very 
feeble; it does not afford oxigen to them. It has no action 
upon most of the metals, but it dissolves many.of their oxids. 


- 


_METHOD OF OBTAINING FLUORIC ACID. ~ 


Put one part of finely pulverized fluate of lime into a‘leaden or 
"tin retort, and pour upon it two parts and a half of sulphuric 
acid. Lute the retort to a receiver of the same metal, contain- 
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ing one part of water, and apply a gentle heat. The fluoric acid 
gas disengaged will be absorbed by the water and form liquid 
fluoric acid, which must be kept in well closed leaden or tin bot- 

tles, or phials coated within with wax or varnish, | 


Fluoric acid iiitted to ditferent bases forms saline compounds 


\ 


called FLUATES. 3 
PROPERTIES OF FLUATES. 

Fluates may be decomposed by the affusion of dense sulphuric 
acid; but not by heat, or by combustible bodies. When strongly 
heated they become phosphorescent, emitting in the dark a Jam- 
bent white light. 

Remakk...The fluates of lime possess particularly this ast 
property, those fluates which exhibit the most lively and varie- 
gated colours, constantly shine with a light, inclining to the 
‘violet, with the singlé exception of the Siberian variety, which 
has been ‘named chlorophane; and which, though of a violet 
colour, gives a phosphorescence of a beautiful emerald green, 

Tt emits this Jight even under water, under oil, or in vacuo. ' 
When heated too strongly it ceases to shine altogether. 


it 


~ 


METHODS OF OBTAINING FLUATES, | 


Fluate of potash, soda, ammonia, or magnesia, gh be prepare | 
ed by saturating their carbonates with fluoric acid. | 

Fluate of barytes is precipitated by adding fluoric acid to the 
nitrate, or muriate of barytes. Fluate of strontia is prepared in 
a similar manner. 


f 
f 


Fluate of silex is produced by suffering fluoric acid to be in 
contact with silex. Fluate of iron is obtained by dissolving the 
red oxid of iron in fluorie acid. Fluate of mercury, fluate of — 
tin, and’ fluate of silver are precipitated, by. dropping fluate of 
potash into the nitric or muriatic solutions of these metals. 
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Class II....ACIDS COMPOSED OF TWO BASES. 


OXIGENATED 


MURIATIC ACID. 


© 


PART LXXVII. 


fs 


F Tue name of oxigenated muriatic acid is given to the com- 
pound formed by the muriatic acid with oxigen. By this com- 
bination, however, the acid properties of the muriatic acid are 
not increased, as is the case with the other acids, but on the 
- contrary, diminished, —— 

Oxigenated muriatic acid exists in the state of gas, and as such 
has been considered, vol. I. p.333. When absorbed by water it 

forms liquid oxigenated muriatic acid. ope : 


PROPERTIES OF OXIGENATED MURIATIC ACID. 


Oxigenated muriatic acid, in a liquid form, is of a greenish-yel- 
low colour. It has a styptic bitter taste, and a very suffocating 
odour. Instead of reddening blue vegetable colours, it has 
the remarkable property of rendering them white. In high tem- 
peratures, when light is excluded, phosphorus remains unaltered 
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in higuid oxigenated muriatic acid but if light be admitted; the 
colour of the acid gradually disappears, and the phosphorus is 
converted into phosphoric acid. It thickens oils and animal fats, | 
_and renders them less disposed to combine with alcalies. Its 
action upon metals presents phenomena extremely curious and 
important ; ‘the oxigen of the acid unites with the metal, and 
the produced oxid is afterwards dissolved by the de-oxidated acid. 
For the rest of its properties, see oxigenated muriatie aeid gas. 


METHOD OF OBTAINING OXIGENATED 
MURIATIC ACID. 


Put into a tubulated retort, ipported over a Biiips one » part 
of black oxid of manganese reduced to a gross powder, and pour 
over it three parts of concentrated muriatic acid, recline the re- 
tort in such a manner that the fluid which rises up into its 
neck, may easily run back again into the body, and apply a re- 
ceiver with a little distilled. water in it; the receiver must be 
luted to the retort by a fillet of paper. When the effervescence, 
which instantly takes place on the affusion of the acid ceases, 
apply a gentle heat. Oxigenated mmriatic acid gas will be 
evolved, and the receiver become filled with yellow vapours, 
which are absorbed by the water. "When the water has acquired. | 
a yellowish-greén colour, the receiver may be removed, and 
another one applied till no more gas is extricated. The process 
may be more elegantly conducted by joining the apparatus of » 
Burkitt or Pepys, to the distillatory vessel. ‘Fhe common mu- 
riatic acid which may arise is condensed in the first bottle, and 
‘the oxigenated muriatic acid gas unites to ay water in the se- 
cme third, &e. : 


The union of oxigenated muriatic acid with different bases, 
forms salts known by the name of oxIGENATED MURIATES. 
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PROPERTIES OF OXIGENATED MURIATES, 


These salts are distinguished from al} the rest by yielding oxi- 
gen gas when heated, and thus becoming: converted into mu- 
riates. They detonate very violently by friction and pereussion 
_ with the easily inflammable bodies. . 


PREPARATION OF OXIGENATED. MURIATES. 
Preparation of oxigenated muriate of potash. 


To prepare this. salt, the usual materials for preparing oxi- 
genated r muriatic acid gas, (vol. I. p. 304,) are put into a retort | 
connected with Pepys’ sor Burkitt’s apparatus. A solution of pot- 
ash is put into the receivers, leaving the first empty, and thus sa- - 
turating the potash by passing a current of oxigenated muriatic 
acid gas through it. When the saturation is nearly complete the 
oxigenated muriate of potash separates in crystals. | 

When three parts of oxigenated muriate of potash and one of 
sulphur ; are’triturated in a mortar, the mixture detonates violent- 
ly, the same effect is produced when the mixture is struck with 
a hammer on an anvil. Phosphorus detonates with oxigenated 
’ muriate of potash with a prodigious » force. Similar effects are 
_ produced with other inflammable substances, . or with metallic. 
bodies. Some of them may be inflamed. by the affusion of sul- 
a ae or nitric acid. 

Remark...It is singular that the oxigenated muriatic acid gas 
_ does not combine directly with the alcali, but suffers a partial de- 
_ composition; one part of it becomes actually converted into mu- 
.tiatic acid, and consequently forms muriate of potash; the other 
part receives the oxigen with which the former parted, and com- 


pines with another portion of potash, forming a salt in which the 


acid exists, with a larger proportion of oxigen than in its usual 
state of oxigenated acid. This salt, therefore, is properly speak- 
ing, not an oxigenated muriate, but a hyper-ovigenated muriate 
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of potash. These singular combinations seem to be owing, to 

the stronger attraction of the alcali to muriatic, than to oxigena- 

ted muriatic acid, assisted by the attraction which the latter has 
for a still larger portion of oxigen. 

- Oxigenated muriate of soda or lime, may be bbtainied ina 
similar manner.; The method of producing oxigenated muriate 
of strontia has been noticed before, page 245. tis 

Oxigenated muriate of copper is obtained by dissolving the 
oxid of copper in cold muriatic acid, or dissolying copper by heat 
in muriatic acid. Oxigenated muriate of iron is produced by dis- 
solving the red oxid of iron in muriatic acid: Oxigenated mu- | 
riate of tin is produced by passing oxigenated muriatic acid gas 
through a solution of muriate of tin. Oxigenated muriate of lead 
is obtained in a similar manner. ‘ . 


~~ >. NITRO-MURIATIC -ACID. 


Nitro-muriatic acid is a mixt or compound acid saalcuenh to 
the former. It was formerly known by the name of agua regia. 
It is produced by adding muriatic acid to the nitric: one part of 
the former is generally added to two of the latter. ; 

During this combination an effervescence takes place, heat is 
liberated, and oxigenated muriatic acid gas becomes evolved ; 
this action may» be assisted and prolonged by the application of 
heat. The mixture assumes a yellow colour. It has the. pro- 
perty of dissolving gold and platina. © 

RaTionate... The muriatic acid attracts part of ca oxigen of 
the nitric acid, thus conyerted partly into nitrous acid, and part 
ly into nitrous gas, whilst the simple muriatic acid becomes con- . 
verted, by this addition of oxigen, into oxiggnatet muriatic acid, 

_ or-nitro-muriatic acid. : 

» Remark...Lhe same acid combination may be Hatha, 
mingling together oxigenated muriatic acid and nitrous gas. 

From what has been said before, it is obvious that the salts 
formerly called NITRO-MURIATES Cannot exist. 
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- SULPHURIC ACID. 


PART LXXVIIL. 


Supaur is capable of combining with two different propor- 

tions of oxigen; with the smaller quantity it forms sulphureous 

_ acid; with the larger, sulphuric acid. The last of these is the 
subject of our first enquiry. 


PROPERTIES OF SULPHURIC ACID. 


a Sulphuric acid is int the form of a dense liquid, slightly viscid; 
it runs in striae, like oil, when poured from one vessel into 
another. Its specific gravity is in general 1,85, at léast it is 
prepared of that strength in some of our principal manufactures. * 
In its pure state it is colourless and void of odour. It is of con- 
siderable fixity in the fire, and requires a strong’ heat for ebul- 

~lition. On being mingled with water heat is instantaneously 
evolved. (vol. I. p. 51.) It is not altered by oxigen, nitrogen, or 
Vion. Th." : ; S | 


_ * By Mr, Sandman in Queen Street, and Mr. Dobbs, Maid Lane, Borough. 
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hidrogen gases. It combines with nitrous acid, and forms # 
compound which dissolves silver, but scarcely any other metal. 
(Page 158.) It is‘\decomposable by a number of inflammable 


substances which attract its oxigen. If brought in contact with . 


any vegetable or animal matter, it is partially decomposed, anda 
quantity of carbon is disengaged which gives the acid a brown 
or black colour. It oxidates and dissolves a. number of the me- 
tals, either affording to them part of its oxigen, or enabling the 
metal to decompose the water which is present. It attracts water 
from the atmosphere. , 


METHODS: OF OBTAINING SULPHURIC ACID. . 


The processes employed for obtaining sulphuric acid may be 
reduced. to two, namely; to unite sulphur to oxigen, or to se- 
parate the acid from its combinations met with innature. 

The first method is made use of in this country; for which 


purpose peculiar buildings or apartments, with their insides lined: 


with lead are constructed. In these apartments sulphur is burnt, 
in order to absorb oxigen from the air during’ its combustion. 


But as the sulphur would not burn or become fully oxidated in a _ 


confined quantity of air, } to =, of nitrate of potash is previously 
- mixed with it in order to ae it burn with vivacity, or to gain 
oxigen from the nitric acid. The sulphurie acid'which is formed: 


is absorbed by a stratum of water at the bottom of the chamber. 
The water, after being sufficiently impregnated, is exposed to- 


heat in large glass retorts, so as to deprive the acid of the super- 
fluous water, the sulphureous acid, and nitr ous gas, with which 


it is mixed, 


Raviowars...The theory of this process has been tioticeil al- 


ready, vol. I. pe 145. 
ReMArk...The sulphuric acid obtained in this manner is not 


perfectly pure, but always contains small quantities of sulphate ~ 


of lead and sulphate of potash ;: from which it may be freed Y 
re-distillation. 


PROPERTIES OF SULPHATES. oh 2a 


Sulphuric anid alte to alcalies, earths, ge, forms saline com- 
_ binations called suLPHATEs. 


PROPERTIES OF SULPHATES. 


All the sulphates are insoluble in alcohol. , Their solutions are 
decomposed by a solution of barytes. They become converted 
into sulphurets by ignited charcoal at high temperatures, but 
they are undecomposable by mere heat. 


_ METHODS OF OBTAINING SULPHATES. 
Sulphate of potash, soda, or ammonia may be obtained by 


saturating these alcalies with sulphuric acid, evaporating the so- 
lution and crystallizing it. Sulphate of magnesia, and sulphate 


~ 


of alumine may be produced in a similar manner. Sulphate of. 


lead may be obtained by pouring sulphuric acid into a solution of , 
acetite of lead, the sulphate of lead precipitates. Sulphate of ~ 


zinc is produced by dissolving this metal in diluted sulphuric 


acid and subsequent evaporation and crystallization, Sulphate of © 


nickel, sulphate of bismuth, and sulphate of cobalt, are pro- 


_ duced by dissolving the metals, by the assistance of heat, in sul- 


_ phuric acid, and proceeding as before. 

% Sulphate of iron is obtained by dissolving iron filings in diluted 
sulphuric acid, evaporating the solution and subsequent crystalli- 
zation, ‘This salt, if exposed to the air, soon becomes covered 


with a yellowish crust, because it absorbs more oxigen and be- ~ 


comes partially converted into’ an oxi-sulphate of iron, which 
is of a red colour, uncrystallizable, and soluble in alcohol; 
it may be deprived of its excess of oxigen by passing a current 
of pe cuchaied hidrogen gas big: it. 


$2 
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SULPHUREOUS ACID. 


PART LXXIX. 


‘8 HIS constitutes the imperfect degree of oxigenation of sul- 
phur; that is to say, the sulphur is not fully saturated with oxi- 
gen. Sulphureous acid naturally exists in the gazeous state. 


PROPERTIES OF SULPHUREOUS ACID. 


The acid properties of sulphureous acid are not considerable. 
It does not redden blue vegetable colours, but on the contrary 
renders them white. It exerts little action on metallic sub- 
stances,. and has a feeble attraction for the alcalies andearths. It 
is exceedingly volatile, and assumes the state of gas, if moisture 
be excluded. - 

For a fuller account of this acid we refer our reader back t to’ 
sulphuréous acid gas, vol. I, p. 317. 


METHODS OF OBTAINING SULPHUREOUS ACID. 
1. To prepare sulphureous acid, take one part of mercury and : 


four of concentrated sulphuric acid, put them into a retort, fur- 
nished with a. receiver, and connected with Burkitt's or Pepys’s 


PROPERTIES OF SULPHITES. >» 297 


apparatus, The sulphureous acid gas which is disengaged is ab- 
sorbed by the water in the vessel, and constitutes sulphureous 
acid. 

2. Sulphureous acid is likewise formed during the slow com- 
_ bustion of sulphur, as directed, vol.I. p. 144. 


The salts formed by the combination of sulphureous acid with 
different bases, are called SULPHITES. , 


PROPERTIES OF SULPHITES. 


All the salts of this class yield sulphur, and are converted inte 
sulphates by heat. The nitric and oxigenated muriatic acids also 
convert them-into sulphates. 


METHODS OF OBTAINING SULPHITES. 


Sulphite of potash, soda, ammonia, barytes or lime may be 
- obtained by receiving a stream of sulphureous acid gas into a 
_ concentrated solution of the base employed, and then evapora- 
ting it for crystallization. _Sulphite of magnesia is produced by 
saturating carbonate of magnesia with sulphureous acid.’ Sul- 
phite of ammonia and magnesia is obtained by mingling together 
solutions of sulphite of magnesia, and sulphite of ammonia. Sul- 
_phite of lead may be produced by dissolving carbonate of lead in 
sulphureous acid. Sulphite of bismuth, and sulphite of antimo- 
ny are precipitated by pouring sulphureous acid into muriate of 
antimony, or bismuth. Sulphite of iron may be formed in a 
direct manner, Bisa ae | | 3 


4 , 


& 3 
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PHOSPHORIC ACID. 


PART LXXX.- 


W un phosphorus is united to oxigen the result is an acid, 
which varies according to the quantity of oxigen which joins to 
the phosphorus, Phosphorus ‘saturated with oxigen forms phos- 
phoric acid. | : 


PROPERTIES OF PHOSPHORIC ACID. 


Phosphoric acid is capable of existing in a dry and crystallized 
- state. When solid, and placed in contact with a small quantity 
of water, it dissolves, and affords a ponderous transparent fluid, 
void of odour. When exposed to heat it .is rendered viscous; it 
gradually becomes.more consistent, and loses its transparency. 
Lastly, when urged by a violent heat, in.a silver or platina cruci- 
ble, it melts intoa transparent glass, which again attracts moisture 
when exposed to the air, and becomes converted into liquid 


phosphoric acid. When melted in an earthen crucible the acid - : 


acts upon it and fuses into a glass, which is not soluble in water, 
and exhibits no signs of acidity. It has a strong attraction for 
all the alcalies, and likewise for the earths. It acts only on a 
small number of metallic substances. . 


METHODS OF OBTAINING PHOSPHORIC ACID. 


; g i 
1, To obtain phosphoric acid the bones of adult animals are » 
generally made use of. For that purpose, dilute in a spacious 
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glass jar, one pound of sulphuric acid with six or eight pounds af 
water; then add gradually, and with constant stirring, one 
pound and a half of finely pulverized bones burnt to whiteness. 
An effervescence will take place. When this has ceased leave 
the whale on a gentle sand-bath for a few hours, taking care to 
stir it frequently, and to supply the loss of water which happens 
by evaporation. After it has been suffered to remain undisturb- 
ed, strain the whole through a cloth, and wash the residual 
Matter repeatedly in water till it passes tasteless. The fluid thus 
obtained contains the phosphoric acid, contaminated with lime, 
and may be evaporated in a Wedgwood’s, or glass parOn, to any — 
wished-for consistence. . 

Remark...The phosphorit acid obtained in this manner is not 
pure, but contains a considerable quantity of lime. To obtain 
it in- its pure state, carbonate of ammonia must be added until 
no more precipitate falls down, the precipitate is carbonate of 
lime, which must be separated by filtration; the fluid being then 
evaporated to dryness leaves phosphate of ammonia. This «is 
exposed to heat in a china cup, till all the ammonia is disen- 
gaged, which may be known by the mass frothing no longer, 
but flowing quietly. On-cooling, it congeals. into a transparent 
vitreous substance, called glacial acid of phosphorus, which at- 
tracts moisture, and is soluble in water. 

2. Phosphoric acid may | likewise be obtained - by the rapid or 
complete oxigenation of phosphorus, by burning oe in oxigen 
gas, as mentioned before, vol. Po. 186. 

3. Scheele. has contrived a method of converting phosphorus 
into phosphoric acid without combustion; namely, by the action ~ 
of nitric acid. : 

In this operation a tubulated neh retort must be half filled 
with pure nitric acid, and a gentle heat applied. A small piece 

of phosphorus being then introduced through the tubulure will 

“be dissolved with a rapid effervescence, and a quantity of red 

vapour will be disengaged. ‘The addition of phosphorus in small 

pieces must ‘be continued until the last piece added r remains un- 
a) 
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dissolved in the boiling acid. The piece of phosphorus which 
produces no further change in the acid is then to be taken out, 
and the fire raiséd to drive over the remainder of the nitric acid. 
The phosphoric acid will then be found in the retort, hiked in 
a concrete and partly in a liquid form. 
Ratrionace...In this process a decomposition f the nitric. 
acid takes place; the phosphorus at the temperature of the heat- 
ed acid attracts its oxigen, and becomes converted into phospho- 
ric acid; and the nitrogen becomes free and flies off in the ¢ 8a 


zeous state. 


The combination of phosphoric acid with different bases, 
forms the salts called PHOSPHATES. 


PROPERTIES OF PHOSPHATES. 


These salts are fusible, before the blow-pipe, into ; a globule of 
glass. They are soluble in nitric acid, from which they are pre- 
cipitated by lime-water. Most of them oe not afford phoma: 
rus when heated with charcoal. 


METHODS OF Re RA ININS PHOSPHATES. 


The principal of these salts are the phosphates of soda, potash, 
ammonia, magnesia, barytes, and strontia. They are prepared 
by saturating. the carbonates of these bodies with -phosphoric | 
acid, and proceeding in the manner directed for the preparation 

of sulphates. Phosphate of mercury is precipitated by mingling 
a solution of phosphate of soda, and nitrate of mercury. Phos- 
| phate of copper is formed in a similar manner, by letting fall a 
solution of phosphate of soda into a solution of nitrate of copper. 
Phosphate of iron is precipitated by mixing a solution of phosphate 
of potash with a solution of sulpliate of iron. Phosphate of lead | 
and phosphate of bismuth, are produced by dropping a solution 
of phosphate of soda into nitrate of lead or bismuth, Phosphate 
of tin or zinc is formed in a similar manner. . : 
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- PHOSPHOROUS ACID, 


PART LXXXI. 


V y HEN phosphorus is burnt slowly, and does not become 
completely saturated with oxigen, it forms an acid differing 
from the former, called phosphoruus acid. 


PROPERTIES OF PHOSPHOROUS ACID. 
Phosphorous acid is liquid, transparent, and of considerable 
density. It has an unpleasant taste, and emits an alliaceous and 
disagreeable odour when rubbed, and especially if warmed. 
When heated more strongly, part -of it is volatilized in the form 
_ of a white vapour which is very acute, penetrating, and lumi- , 
nous in the dark. It is much more volatile than phosphoric 
acid; and-always contains a greater or less quantity of phos- 


; phorus. 
- METHODS OF OBTAINING PHOSPHOROUS ACID. 


__. To obtain phosphorous acid we merely expose phosphorus to 
_ the air: the phosphorus by this means undergoes a slow com- 
bustion, and is gradually changed into phosphorous acid. To 
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effect this in a commodious manner, sticks or pieces of phos- 
phorus may be placed on the inclined side of a glass funnel, 
whose neck is received in a phial containing a little distilled 
water, and its base covered, but not closely. A tube, or small 
pieces of glass are put into the neck of the funnel, in order to 
prevent the phosphorus from falling through into ‘the phial, and 
to give a free passage to the air of the vessel displaced by the 
phosphorous acid. Care must be taken that the sticks of phos- 
phorus touch each other as little as possible 


Phosphorous acid with alcaline, terrene, or metallic bases, 
forms salts called pHosPHITEs. . 


f 


PROPERTIES OF PHOSPHITES. 


Phosphites detonate with oxigenated muriate of potash. When 
heated in the open air they yield a phosphorescent flame. 


METHODS OF OBTAINING PHOSPHITES. 


Phosphite of potash, soda, ammonia, or lime, may be pre- 
pared by dissolving the respective carbonates in phosphorous - 
acid, and proceeding as directed before. Phosphite of barytes . 
and strontia are produced by mingling together phosphorous 
acid, and barytic or strontia water. Phosphite of magnesia is 
obtained by mingling phosphite of potash or soda with sulphate 
of magnesia. ‘Phosphite of alumine may be protaese by satura- 
ting Lit nahi acid with alumine. 
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CARBONIC ACID. 


/ PART LXXXI. 


: Carszontc acia exists, in the gazeous state, at common tem- 
‘peratures, and at any pressure of the atraosphere which we 
know of. It is therefore a permanent, elastic, aeriform fluid, 
and has been considered as such under the article carbonic 
acid gas, vol. I. p. 234, to which we refer the reader for a fuller 
account of it. yO Ee 


_ The combination of carbonic acid with different bases, con- 
stitutes CARBONATES. ; | alee 


PROPERTIES OF CARBONATES, 
‘Carbonates ‘produce a rapid effervescence when mixed with 
sulphuric, nitric, muriatic, &c. acids. Most of them are decom- 
posable by heat. Some of them are insoluble in water, but be- 
"come soluble by an excess of carbonic acid. Several of the 
alcaline carbonates change vegetable blues to Breet, and have an 
alcaline taste. 
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METHODS OF OBTAINING CARBONATES. 


Carbonate of potash is prepared by passing a current of car- 
‘bonic acid gas, for a considerable time, through a solution of 
potash ; or, by distilling potash with carbonate of ammonia. 
Carbonate of soda may be prepared in a similar manner. Care 
bonate of magnesia is prepared by adding carbonate of potash to_ 
a solution of sulphate of magnesia as long as any precipitate en- 
sues. Carbonate of ammonia is obtained by distilling two parts 
of dry carbonate of lime with one of nitrate of ammonia. Car- 
bonate of silver is precipitated by pouring carbonate of potash, 
or soda, into a solution of nitrate of silver. Carbonate of mer- 
cury is produced in a similar manner by mingling the solution of 
an alcaline carbonate with nitrate of mercury. Carbonate of 
copper is precipitated by decomposing a solution of nitrate of cop- 
per, by adding to it a carbonated alcali. Carbonate of iron is 
precipitated by dropping into a solution of sulphate of iron, a 
solution of carbonate of soda or potash. Carbonate of tin, lead, 
nickel, or zinc, may be produced by decomposing the solutions 

of these metals by the same alcalies. 
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NITRIC ACID. 


PART LXXXIII. 


PROPERTIES OF NITRIC ACID. 


N ITRIE acid is liquid, colourless, and transparent, possessing 
ina very eminent degree all the properties of acids. It tinges 
the skin yellow, which does not disappear till the epidermis 
wears off. It has a strong affinity for water, and has never yet 
been found in nature except in combination.. It produces heat 
when added to water. When concentrated it exhales white acrid 
fumes on being exposed to the air, which are nitric acid in a 
gazeous state. When poured on oils, charcoal, &c. it sets them 
on fite. (See vol. I. p. 19.) It: causes the sulphureous and 
phosphorous acids to pass to the state of sulphuric and phospho- 
ric acids, by yielding to them part of its oxigen. It is capable 
of oxidating all the metals except gold, platina, titanium, and 


tantalite. 
METHODS OF OBTAINING NITRIC ACID. 


_ Nitric acid cannot be produced in any considerable quantity, 

by the direct combination of its principles, without a great deal 

_ of labour; though that it may be so formed for the sake of Ee 
- riment has been eae vol. I. ps 221, . 
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The following method of obtaining nitric ane is made use of 
by chemists. > 
Take two parts of dry nitrate of potash in coarse powder, put 
it into a tubulated glass retort, of which it occupies no more 
than one-third, or one-fourth, and to which a large receiver has 
been luted containing a little water; then pour on it, in small 
quantities, at a time, one part of concentrated sulphuric acid. 
As soon as the last quantity of the acid is introduced into the 
retort apply a very gentle heat, and distil slowly till no more 
drops issue from the neck of the retort. The acid collected in 
the receiver is fuming and of a reddish or yellow colour: on 
being brought into contact with atmospheric air, it sends forth 
reddish-yellow fumes, which likewise always fill the empty space 
of the receiver or bottle. In order to deprive it of these fumes, 
the acid must be re-distilled, or at least heated for some time in 
--a glass retort, with a very gentle heat; the fuming part will rise 
first, and the remainder will be deprived of all its colour and’ 
fuming property. . 
Remark...Lhe property of emitting reddish-yellow fumes does 
not belong to the pure nitric acid, for this is one of the charac- 
teristics of another kind of acid, called nitrous acid, which we 
shall presently consider. The fumes which are evolved are ni- 
trous gas, originating from a partial decomposition of a certain 
part of the,acid during its disengagement from the nitrate of pot- 


ash; hence it is soiled with nitrous gas. On-exposing the acid 


_to heat, or re-distilling it, this nitrous gas becomes disengaged, 
“and pale nitric acid is obtained. 


presse ne os ee nee va 


The combinations of nitric acid with different bases, are called 


é 


NITRATES, 
’ PROPERTIES OF NITRATES. 


These salts detonate with, or inflame charcoal, and other easily 
inflammable bodies, at a red heat. They afford oxigen and 
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nitrogen gases at high temperatures, and yield yellowish yapours, 

(nitrous acid) by the affusion of sulphuric acid, especially if heat 
be applied. 

, Remarx...It is upon ‘the property of the detonation of nitrates , 
with inflammable substances that the composition of gun-powder 

is founded, which consists of 5 parts of nitrate of Aaa 1 of 
charcoal, and 1 of sulphur. 

Powder of fusion, as it is-called, consists of 3 parts of nitrate 
of potash, one of sulphur, and one of fine dry saw-dust. Ifa 
small quantity of this powder is put into a walnut-shell, witha 
thin piece of copper coin rolled up, and the money then be co- 
_vered up with the powder, it may be melted by setting fire to the 
mixture, which will burn vividly without injuring the shell. 

A mixture of one part of nitrate of potash and two of acidu- 
lous tartrite of potash, (or common flour) after being detonated, 
forms what is denominated black flux. 
> White flux is produced by detonating equal parts of nitrate of 
potash and acidulous tartrite of potash, or flour, in a similar — 
manner. : | 


METHODS OF OBTAINING NITRATES. 


_ Nitrate of potash, soda, ammonia, barytes, or strontia may be | 
prepared by neutralizing the carbonates of these-alcalies with ni- 
tric acid, evaporating the solution and suffering it to crystallize. 
Nitrate of magnesia is produced in a similar manner. Nitrate of 
silver is obtained by dissolving silver in nitric acid, evaporating 
the solution until a pellicle appears, and. then setting it aside to 
crystallize. - Nitrate of mercury, copper, nickel, lime, er cobalt 
~ may be produced in a similar manner. Nitrate of iron is obtained - 
by dissolving iron in nitric acid, On evaporating the solution @ . 
red. precipitate appears consisting of iron, oxidated to its mazi- 
mum. : 
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NITROUS ACID. 


‘PART LXXXIV. 


Ir was until very lately a generally received notion, that the 
proportion of oxigen in nitrous acid was less than that existing 
in the nitric acid, and that it was. therefore less oxigenated; but 
this is certainly not the case. Mr. Thompson’ s* remarks con- 
cerning nitrous acid, and Davy’ ‘s+ observations are sufficient to. 
prove the contrary ; with. these gentlemen, we consider nitrous 
acid as nothing more than nitric acid holding in solution, that is, - 
. loosely combined with it, a greater or less quantity of nitrous 
gas, and being therefore more or less coloured and fuming, ac- 

cording to the quantity of gas it contains. . 


PROPERTIES OF NITROUS ACID. 


Nitrous acid exists in the state of gas, in the form of a red 
vapour, slightly coercible. When cortibined with water it is of 
a yellow or orange colour. It emits copious ordhge-coloured, of 
red fumes. It is more decomposable than nitric acid and in- 
flames combustible bodies more readily. It has a strong attrac- 
tion for water, and their combination is attended with an increase 
of temperature. Different portions of water convert its colour to 
a deep blue, green, yellow, &c. while the vapours still continue 
of their ones yellowish-red colour. 


* Davy’s Researches, &c, p. ar, + Ibid, p. 32. 
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METHODS OF OBTAINING. NITROUS ACID. 


The common mode of obtaining nitrous.acid is to decompose 
nitrate of potash by means of sulphuri¢ acid with the assistance of 
heat. The nitric acid, as has been stated already, suffers a par- 
tial decomposition during the process, and hence it is the nitrous 
acid which is obtained in the first process of distillation. 

It seems to be true that nitrous acid of a much darker orange 
red colour is obtained by decomposing nitrate of potash by means 
of sulphate of i iron, than when the same salt is decomposed by 
sulphuric acid. The following i is the process made'u use of by our 
manufacturers, _ 

Take a quantity of sulphate of iron, deprived of its water of crys- 
~ tallization by heat, and mix it with an equal weight of dry nitrate 
of potash ; put the mixture into a glass retort, to which a very spa- 
cious receiver has been luted, containing a little water, and begin 
the distillation with a very slow fire. As soon as the red vapours 
cease to come over let the fire be slackened, and when the 
vessels are cooled the receiver may be cautiously withdrawn, and 
its contents quickly transferred through a glass funnel into a — 

bottle, furnished with a ground stopper. 
_ Remark...The salts which, according to the principles of the . 
new nomenclature, are called nitrites, cannot be formed by.a 
direct combination. “For the nitric acid only enters into com- 
bination with the body to which it is presented, and the nitrous 

gas becomes disengaged. They may however be obtained by 
partially decomposing nitrate of potash, or other nitrates, by a 
~* moderate heat. These salts however, are more properly to be 
considered as, compounds of nitric acid ‘and the substances with 
which it is united, to which a portion of nitrous gas slightly ad- * 

heres ; and this gas can be’ expelled by the addition of any weak - 
~ acid, _ They have been very little examined. g 
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ARSENIC ACID. 
PART LXXXV. 


i ; ry ‘ 


A\nsenic acid is ght a dea of art. It is arsenic fally 
oxigenated. 


PROPERTIES OF ARSENIC ACID. 


Arsenic acid is capable of existing in.the’solid state. It.ap- 
pears in the form of a white pulverulent matter. It attracts hu- 
midity from the air, It is soluble in water. This solution 
possesses a considerable acid taste... It may be evaporated to dry- 
ness and even converted into glass. It is decomposable by alk 
combustible bodies and by many oxids. It is soluble in some 
acids but without.change or intimate combination. 


METHOD OF OBTAINING ARSENIC ACID. 


_ “Take two ounces of arsenious acid in powder, put it into/a 
tubulated retort, pour on it six or seven ounces of muriatic acid, 
and apply the heat of a lamp until the arsenious acid is dissolved. 
Then add three or four ounces of nitric acid and heat it again 
gradually. An intestine motion now takes place, and much red. 
vapour or nitrous gas is extricated. As soon as in the progress 
of the operation, the red vapours have ceased, an ounce of 
finely powdered arsenious acid is to be again added, and the so- 
lution effected as before, by a gentle ebullition; to this two 


4 
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eunces of nitric acid must be added, which will produce a second 
effervescence and discharge of red vapours, the distillation must 
now be continued to dryness, and the fire must be urged to- 
wards the end, to such a degree, as to make the residual mass 
thoroughly red-hot. This mass is arsenic acid, which may either 
be preserved in that form or be dissolved in boiling distilled . 
water. , | 

; Remark...All the preparations of arsenic are deadly poison. 
The hidro-sulphurets are the best antidotes. A diluted solution 
of hidro-sulphuret of potash, soda, or lime, is therefore adminis- 
tered with success, to persons who have been poisoned by arse- 
nic. For the same reason sulphureous mineral waters may be 
given in such cases; oil, milk, butter, &c. which are too 
often resorted to, should never be employed, if a sulphuret or 
hidro-sulphuret can possibly be procured. . 


\ 


- Arsenic acid united to different bases ee saline compounds, 
ealled ARSENIATES. 


PROPERTIES OF ARSENIATES. 


These salts are distinguished by being precipitated from their 
solutions, in the form of a yellow powder, by water holding 
sulphurated hidrogen gas in solution, or by hidro-sulphuret of 
ammonia. When heated in contact with charcoal powder feed 
are Hage sine? ‘and arsenic sublimes. 


METHOD OF OBTAINING ARSENIATES. 


Arseniate of potash, soda, ammonia, | or magnesia, may be 
obtained by saturating their carbonates with arsenic acid. ’ Ar- 
seniate of lime is produced by pouring arsenic acid into lime- 
water. Arseniate of silver precipitates, if arsenic acid is dropt 
into a solution of nitrate of silver. ‘Ina like manner arseniate 
_ of mercury is produced, | . RN PRS lee 
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ARSENIOUS ACID. 


“PART LXXXVI. 


Tue earliest chemists were embarrassed in the determinatiow 
of the nature of the poisonous white substance known in com- 
’ merce by the name of white arsenic. Subsequent experiments . 
have shown that this substance is metallic arsenie oxigenated- 
in the first degree. The name of arsenious acid is therefore 
given to it. It is sometimes found in nature in sublimed crys- 
tals, in volcanoes ; and in masses, or in stalactites among the ores 
of arsenic, cobalt, bismuth, and nickel. 


PROPERTIES OF ARSENIOUS ACID. 


Arsenious acid possesses a weak sub-acid taste, which slowly 
. manifests itself. Though of but a feeble acidity it sensibly réd- 
dens the tincture of cabbage and litmus. If placed on'burning 
coals or on a red-hot iron, it is volatilized in the form of a white 
vapour, which has a strong smell of garlic. It is slightly solu- 
ble in water. With phosphoric and: boracic acids it fuses into 
glass. It decomposes the nitrates and the super-oxigenated mu- 
riate of potash. It unites with many of the apts and alcalies, 
and forms saline compounds. 


METHODS OF OBTAINING ARSENIOUS ACID. 


it, Pulverize arsenic, and put as much of it into a Florence 
flask as will fill it about one half or less. Introduce a little tow 
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er cotton into the neck of the flask, and apply the heat of a 
‘damp. A dense white smoke will be formed, and become pre- 
_cipitated on the internal sides of the flask. If the process be 


kept up till all the arsenic be oxidated, (which may be known 
by introducing a wire into the flask for a moment, which will 
become covered with a white crust, if the sublimation be not 
completed,) and the heat be then gradually augmented, the sub- . 
dimed arsenious acid undergoes a sort of fusion, and an opake 
white mass similar to that met with in commerce is obtained. 

2. The arsenious acid of the shops (or white arsenic) is chiefly 
obtained from arsenical ores of cobalt.. These ores are thrown 
into a furnace resembling a baker's oven, with a long flue or 
chimney, either horizontal or winding, into which the fumes > 
pass, and are condensed into a greyish or blackish powder. 
This is refined by a second sublimation in elese vessels, with a 
little alcali to arrest the impurities. As the heat is considerable 
it melts the sublimed arsenious acid into those opake crystalline 


masses which are known in commerce, by the name of white 


arsenic. 


Arsenious acid united with different bases forms salts called 


ARSENITES, 


PROPERTIES OF ARSENITES. 


These combinations were formerly known by the fanciful - 
appellation of livers of arsenic. They, do not crystallize, but all 


of them appear in the form of a thick viscid yellow-coloured 


liquid, of a nauseous odour. They are decomposable by heat, » 


_ and by the affusion of all the acids. They have been but very 
‘superficially examined, and are by no means sufficiently known 

_ to admit of a detailed description. They may be formed by dis- 
solving arsenious acid in alcaline solutions. -_ iva 


T3 


\ 
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“TUNGSTIC ACID. 


PART LXXXVIL 


Senge ees 


Tus acid does not exist in nature in an uncombined state, 
but always united to lime, (tungstate of lime, ) or with iron- and 
manganese, , (wolfram.) ey ¢ 


PROPERTIES OF TUNGSTIC ACID. 


Tungstic acid appears in a pulverulent form, harsh to the 
touch. It is tasteless and insoluble in water. It is incapable of 
turning blue vegetable colours red, until it has been first render- 
ed soluble by ammonia. It is of a yellow colour, which becomes 
blue on being exposed to the light, (vol. I. p. 125.) When put 
into muriatic acid with tin, zinc, or iron, it yields to them its 
‘oxigen, and hence the liquor becomes blue. It becomes also blue 
when boiled with sulphuric’acid, and yellow with nitric or mu- 
riatic acid. Its specific gravity is about 6.12. It does net melt 
before the blow-pipe, but it becomes black when urged by the 
interior flame. With glacial acid of phosphorus it produces a 
transparent blue glass, if the inner part of the flame be directed 
-on them, which loses its colour on being removed to the exterior 
part of the flame. It neutralizes alcalies, and is thus rendered 
soluble in water. Ammonia combined with it, or tungstate 
of ammonia, if dropped into lime-water, instantaneously throws 
down a precipitate which is era of lime. 


METHODS OF OBTAINING TUNGSTIC ACID. 


- Let one part of powdered tungstate of lime be digested in 
three of nitric acid, till it acquires a yellow colour. Decant 


f 
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the acid, and let the remaining yellow powder, after being washed 
in distilled water, be digested in liquid ammonia till it is rendered 
considerably whiter. This ammoniacal solution is then poured 
off, and the residual undecomposed part of the tungstate is once 
' more treated with nitric acid as before. The acid being again se- 
_ parated it is again digested with liquid ammonia, and so on alter- 
nately till it is totally decomposed. : 

The ammoniacal solution is then decomposed by the addition of 
nitric acid; the tungstic acid becomes precipitated in the form 
of a white powder, which, after being washed, dried, and exposed 
to heat, assumes a yellow colour. ite: 

RATIONALE.. ‘Ob adding nitric acid to the ammoniacal solu- 
tion, nitrate of ammonia is formed, and the tungstic acid be- 
- comes separated, but this last is not perfectly free from ammonia, 
it is therefore necessary to heat it, or to wash it in diluted ni- 
tric acid, by: which means the adhering ammonia is either vola- 
tilized or neutralized, which then may be washed away by 
means of distilled water. Ke 

The tungstic acid may also be obtained from the mineral called 
wolfram, in which it is combined with iron and. manganese, and 
frequently with silex, in the state of a yellow oxid, as directed 
before, p. 16. : . sii 


PROPERTIES OF TUNGSTATES. 


These salts are very little known. Most of them, when dis- 
solved in water, are decomposed by all the acids: these combi- 
nations occasion a precipitate, which is a triple ‘compound, 
- varying according to the acid employed. 


METHODS OF OBTAINING TUNGSTATES. 


Tungstate of potash, soda, or deathonia, may be formed by - 
dissolving tungstic acid in the alcaline solutions. Tungstate of 
magnesia is obtained by eee mingitie aig with carbonate of 
_ magnesia, | 

: Be ey 
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MOLYBDIC ACID. 


PART LXXXVIII. 


PROPERTIES OF MOLYBDIC ACID. 


Motvszpie acid is yellowish white, pulverulent, and has an 
acid but metallic taste. It remains fixed during an intense heat, 
as Jong’as the crucible is covered; but the moment it is uncover- 
ed the acid rises unaltered in a white smoke. It is soluble in 
about 570 parts of water at a mean temperature. The solution 
reddens tincture of cabbage. _ Paper dipped in this acid becomes 
of a blue colour, in the sun. Nitric acid has no action upon it. 
Muriatic acid and sulphuric acid dissolve it by the assistance of 
heat. The attraction of the molybdena for oxigen in these acids is 
very feeble, for mere exposure to light ; passing through it a 
current of hidrogen gas, or digesting it with any of the metals, 
changes its colour to a blue, by partially de-oxidating it. 

We are indebted to Mr: Hatchett for a thorough knowledge 
‘ of the properties of this acid and all its combinations. 
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METHODS OF OBTAINING. .MOLYBDIC ACID, 


Scheele's method of obtaining molybdic acid consists in distilling — 
about 25 or 30 ounces of diluted nitric acid from one ounce of na- 
tive molybdena at five or more successive operations, that is to . 
say, 4 or 6 ounces of the acid at a time. A great quantity of 
nitrous gas is obtained, and a white powder remains in the retort, 
which must be washed in distilled water to free it from the adhe- 
ring foreign acid, : 

It may also be obtained by detonating molybdena in a red- bent 
with nitrate of potash. The residue left after detonation, when 
4 parts of the salt to 1 of the metal have been employed, yields a 
colourless solution that contains the molybdate of potash, and 
which, upon a proper addition of water, lets fall the molybdic 
acid in the form of a white powder. | 


The union of molybdic acid with alcalies, earths, &c. forms 
salts termed MOLYBDATES. 


' PROPERTIES OF MOLYBDATES. 


These salts are not better known than the last. A few with 
which we are acquainted, have the property of giving a green co- 
lour to phosphate of soda and ammonia when melted with it; and 
occasion a blue precipitate with muriate of tin. . 


METHODS OF OBTAINING MOLYBDATES. - 


‘ The super-molybdate of potash, is the only salt that has been 
examined with tolerable accuracy. It may be produced by deto- 
nating one part of sulphuret of molybdena, with three of nitrate 
of potash, ‘dissolving the mass in water, filtering the solution and - 
evaporating it, Sulphate of potash first crystallizes, but if sul- 
phuric acid be dropt into the remaining solution, inte molyb-- 
date of "etal is bis Sol a 
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CHROMIC ACID. 


PART LXXXIX. 


¢ 


Curomic acid exists in combination with various metals and 
earths. Combined with-oxid of lead, it forms the red lead ore 
of Siberia, called chromate of lead. It has been found united to 
iron, alumine, and silex, (chromate of iron.) Vauquelin has 
proved that it is the colouring matter ofthe emerald, &c. It 
probably exists in other gems. 


PROPERTIES OF CHROMIC ACID. 


The ines acid is of a ruby-red colour, and in crystals of a 
prismatic figure. ‘These are soluble in water, and havea sharp, 
pungent, and metallic taste. When mixed with’ filings of tin 
and muriatic acid, it becomes at first yellowish brown, and 
afterwards assumes a beautiful green colour. When mixed with 
a little ardent spirit and nitric acid, it immediately assumes a blu- 
ish green tinge, which preserves the same shade even after desic- © 
cation. Sulphuric ether gives it the same colour. If paper be 
dipped in chromic acid, and exposed for some days to the rays of 
the sun, it assumes a green colour, which does not change in the « 
dark. Muriatic acid, heated in a retort with this acid, pro- 
duces a strong effervescence, and oxigenated muriatic acid gas 
is evolved. | 

Chromic acid, mixed with a solution of the hidro-sulphuret of © 
potash, is precipitated in the form of greenish brown flakes — 
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Tannin precipitates it in flakes of a fawn colour. Heated by the 
blow-pipe on charcoal, it boils up, and leaves an infusible green - 
matter. Fused with phosphoric acid, or with borax, a vitreous 
globule is obtained of an emerald-green colour. Sulphuric acid, 
while cold, produces no effect upon it; but, when heated, it 
makes it assume a bluish green colour. With a solution of ni- 
trate of mercury, it gives a precipitate of a dark cinnabar red. 
With a solution of ‘nitrate of silver, it gives a precipitate, which, 
the moment it is formed appears of a beautiful carmine red, but 
becomes purple by exposure to light. It unites with the alcalies 
and forms crystallizable salts of a beautiful orange colour. It 
also unites with the earths and metallic oxids, and forms com- 
pounds distinguished by the splendour of their colours. 


METHODS OF OBTAINING CHROMIC ACID. 


To obtain chromic acid boil one part of the red lead ore of Sibe- 
ria, reduced to an impalpable powder, with two parts of carbonate 
of potash and ten or twelve of water, for atleast an hour. Then 
suffer the mixture to subside, decant and filter the super-natant 
fluid. The clear solution must then be evaporated and suffered 
to crystallize. When nomore crystals can be obtained in this ; 
manner, the whole quantity of salt is to be dissolved in a suffi- 
cient quantity of distilled water, and pure nitric acid added to the 
saturation of the alcali. The solution now affords by evaporation 
crystals of a ruby colour, which are chromic acid. 

In order to disengage chromic acid from chromate of i iron the 
method described page 22 nee be made use ye 


On account of the scarcity of the minerals which contain this 
acid, the properties and methods of eee ning chromates are still 
vunknown. : 


\ 
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COLUMBIC ACID. — 


PART XG. ote ou 


Ciaran acid exists in the’ new y discovered ore called co- 
jumbate of iron. 


PROPERTIES OF COLUMBIC ACID. 


Columbic acid appears in the form of a white pulverulent sub- 
stance, whose colour does not become changed, when boiled in 
nitric acid. It is soluble in sulphuric and muriatic acid.. The 
solution in sulphuric acid, when mingled with water, deposits a 
white precipitate, which, when suffered to dry, acquires first a 
blue and then a grey colour. _ All the acid solutions are decom- 
posable by alcalies. ~ Columbic acid has scarcely any perceptible 

flavour, nor does it appear to be soluble in water; but when 
~ moistened with this fluid, and placed in contact with litmus paper, 
it very soon reddens it. Jt expels the carbonic acid from carbo- 
nated alcalies, and forms salts with potash and soda, which are’ 
colourless, soluble in water, permanent in the air, and decom- 
posable by nitric acid. Dissolved in water they form a precipitate, 
when mingled with solutions of tungstate and molybdate of pot- 
ash, with cobaltate of ammonia, and alcaline solutions of iron. 
~Columbic acid does not combine with ammonia, nor does it unite » 
with sulphur, by fusion. It forms a purplish blue glass with 
phosphate of ammonia. For a fuller account of this acid, we 
refer our reader to Mr. Hatchett’s paper in the Philosoph. Trans- 
actions, 1802, p. I. p. 40. The method this philosopher made 
use of for separating this acid from its natural cea ni has 
been noticed already, page 24. 
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Class III....ACIDS COMPOSED OF MORE THAN TWO BASES. 


‘ 


‘ACETOUS ACID. 


PART XCL 


Tuis acid exists combined with much mucilaginous and ex- 
tractive matter, and some portion of acidulous tartrite of potash — 
in the common vinegar. When freed from them, it is called 
- acetous acid, or distilled Bit at 


PROPERTIES OF ACETOUS ACID. 


Acetous acid’ is a perfectly colourless fluid, of aa agreeable 
,acidulous odour, and pleasant sour taste, though frequently, (at 
least when not carefully prepared) it possesses more or less of 
an empyreumatic flavour. It acts on almost all the metallic sub- 
stances. Its combinations are attended with a variety of im- 
. portant phenomena, and afford products of the greatest utility 
in the arts, &c. Its affinity to earths, alcalies, and metallic 
_ oxids, is inferior to that of the sulphuric, muriatic, and nitric 
acids. t 
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“METHOD on OBTAINING ACETOUS ACID.» 


sdb acid is pa med by the fermentation of wine, on which 
account it is called vinegar. | However, wine is not indispensably 
necessary for its production as it is found in the urine of ani- 
mals, &c. The vinegar produced during fermentation is far 
from being pure acetous acid, but may be obtained so by distilla-. 
tion. For this purpose chuse the strongest vinegar possible, and — 
having introduced it into a glass retort, place it in a sand-heat, 
or rather in a water-bath, Adapt to the retort a large receiver 
and lute the joinings. ‘Then apply a gentle heat, and increase it 
gradually, taking care to cool the receiver with cloths soaked in 
water. The first portion which passes over is an aqueous fluid ; 
but the acetous acid soon ascends. This is what is called distilled 
vinegar. : 


The soabinaeane of acetic acid oan different bases form salts 


Cat: ACETITES. 


PROPERTIES OF ACETITES. 


Acetites are decomposable by heat, the acetic ‘acid is either 
. disengaged unaltered, or decomposed. They are likewise de- 
composed by the affusion of sulphuric acid. 


METHODS OF OBTAINING ACETITES. 


Acetite of potash, soda, barytes, strontia, or lime, may be 
obtained by neutralizing the carbonates of these alcalies with 
acetic acid, evaporating the solution and erystallizing it. Ace- 
tite of lime or magnesia may be obtained in a direct manner. 
Acetite of silver is produced by dropping acetite of potash into a 
solution of nitrate of silver. ~Acetite of mercury is produced in 
a similar manner from nitrate of mercury, and acetite of potash. 
Acetite of iron, lead, zinc, and nickel, may be produced by dis- 
solving these metals in acetous acid, evaporating the aii gibi 
and suffering them to hi! Aasomsidh 


- 
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‘ 


ACETIC ACID.» 


pGRD TREE TERS creo 
, PART XCIL. 


‘Tue acetous acid, deprived of part of its carbon, changes its 
nature ; it acquires new properties, and then constitutes what 
, is called acetic acid. The difference between the acetous and 

acetic acid does not depend, as was formerly supposed, on a dif- 
ferent degree of oxigenation, but on the different proportions of 
carbon, which enter into its composition. 


PROPERTIES OF. ACETIC. ACID. 
Acetic acid has a more pungent sour smell than acetous acid. 
Its odour is so penetrating that when very concentrated it is im- 


‘possible to support it for any length of time, it is even caustic 
and capable of corroding the skin. It is extremely volatile. 


METHOD OF OBTAINING ACETIC ACID. 


‘Take one part of acetate of potash, sit it into-a tubulated re- | 


| tort, lodged in a sand-heat, and pour gradually upon it half its 
weight of sulphuric acid. A violent action takes place, and part 
of the acetic acid becomes liberated in the form of white vapours. 
After the spontaneous action has ceased, distil with a gentle 
heat, and acetic acid will be obtained in considerable quantity. 


\ 
t- 


! 
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- OXALIC ACID. 


PART XCIII. 


PROPERTIES OF OXALIC ACID. — 


: a om 


Oxauic acid is always concrete; its crystals are quadrila- 
teral prisms, having their sides alternately broad and narrow, 
and terminating in two-sided summits. It is particularly dis- 
tinguished by its strong attraction to lime, which is ‘superior to 
that of any other acid. It is not altered on exposure to air. It 
acts upon most of the metals. Exposed to heat it becomes 
decomposed into carbonic acid, and carbonated hidrogen gas. It 
contains more oxigen than any other vegetable acid. 


METHOD. OF OBTAIN ING OXALIC ACID. 


Oxalic acid is generally prepared by oxigenating sugar, in the 
following manner: Put ‘one part of white sugar into a retort, 
and pour over it four parts of nitric acid, of about 1.567 spec. 
grav. adapt a receiver, and make the solution boil. When’ 
the fluid in the retort acquires a brown colour, add three parts 
of acid more, and continue the boiling till it again becomes 
brown, then add two parts more of acid, and continue the 
heat till the red fume almost disappears, Having done this, 
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suffer the mixture to crystallize. After having removed the ob- 
tained crystallized acid, the residue may again be treated ina 
similar manner as before, until no more crystals are obtained. It 
may then be purified by dissolving it in Pes and re-crystallizing 
it RES Y: ha te $5 


eG , a. " j ae r 
- . 4 , 7 " 
Oxalic acid united to alcalies, earths, 8c. forms, salts, called 
OXALATES. ; 


PROPERTIES OF OXALATES. 
‘The soluble salts formed by the union of oxalic acid with dif- 
ferent bases, are decomposable by lime-water, the precipitate 
produced is soluble in acetous acid. Most of the alcaline oxa- 
lates are capable of combining with an excess of acid. The terrene 
oxalates are in general nearly insoluble, they are however all de- 
copapenablerby a red heat. . 


- METHODS OF OBTAINING OXALATES. 


Oxalate of ammonia may be obtained by carefully saturating 
' oxalic acid, dissolved in water, with carbonate of ammonia, and . 
suffering the fluid to crystallize as. soon as a pellicle appears. 
Oxalate of potash, or soda, may be obtained in a similar manner. 


Oxalate. of lime is produced by letting oxalic acid fall into > 


lime-water ; the salt instantly becomes precipitated. Oxalate of 
strontia is formed by mingling a solution of oxalate of potash 
with nitrate of strontia ; the oxalate of strontia precipitates in- 
stantly. Oxalate of barytes ay be os Hs dissolving ba- 
rytes carina acid to saturation. 


we: 


Vor. it. AE 


4 
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TARTAREOUS ACID. 


PART XCIV. 


~ "Tarrarzous aci acid Oe in the juices of many vegetables, 
generally combined with lime, 


_ PROPERTIES OF FARTAREOUS ACID. 


Tartareous acid appears in the form:of tabular crystals. Its 
taste is exceedingly sour. It is not altered by the air. It rea- 
dily dissolves in water. It takes lime from the nitric, muriatic, 
phosphoric, and acetous acids. It has a strong tendency to unite 
to potash. In one proportion it forms a soluble salt, (tartrite of » 
potash), but when the acid is in excess it forms a salt of diffi- 
cult solubility, (acidulous tartrite of potash.) It is on this‘ac- 
count that the presence of tartareous acid in x ADE solution Hey; 
easily be detected. - 


“METHODS OF OBTAINING TARTAREOUS ACID. 


To obtain tartareous acid, dissolve thirty-two parts of acidulous 
tartrite of potash in water, and throw chalk into it gradually till it. 
is completely saturated, a precipitate will be formed which is tar- 
trite of lime; decant the fluid, and put the tartfite of lime into 
a matrass, pour over it nine parts of sulphuric acid°and five 
of water; digest the whole for six hours, taking care to stir it ~ 
from time to time; the tartareous acid will then remain free, 
arid may be separated, by means of cold water, from the sulphate 
_ of lime which has been formed, and crystallized by suffering it to. 
” evaporate slowly. | 

Remark...To ascertain whether the tartareous acid contains 
_ sulphuric acid, Jet fall into it a few drops of acetite of lead: if 
the precipitate, which is formed, be entirely soluble in ‘acetous 


—_ 


/ 
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acid, the fluid contains no sulphuric acid; if it is not soluble, 
_ sulphuric acid is present: to free it from this the fluid must again 
be digested over another quantity of the tartrite of lime. 


The salts formed by means of tartareous acid, are called 
TARTRITES. 


PROPERTIES OF TARTRITES.. 


All the tartrites are decomposable by a red heat, the basis is 
left behind in the state of a carbonate. They are decomposable 
by sulphuric acid. They are capable of combining with an ex- | 
cess of acid, forming salts, called super-tartrites. Most of them _ 
_are also capable of combining with eit base, in order to 
form triple salts. 


METHODS OF OBTAINING TARTRITES. 

Tartrite of potash, soda, or ammonia, is formed by dissolv- 
ing the carbonates of these ,alcalies in tartareous acid, to satura-. 
tion, and evaporating the solutions as directed so frequently before. 
- Tartrite of strentia is precipitated by mingling a solution of ni- 
trate of strontia with a solution of tartrite of potash. ‘Tartrite 
of potash and lime is produced by dropping tartrite of potash 
into lime-water. ‘Tartrite of potash and barytes, and tartrite of 
potash and strontia, are formed in a similar manner. Tartrite 
‘of potash and soda is produced by neutralizing a solution of 
acidulous tartrite of potash with carbonate of soda. ‘Tartrite of 
potash and ammonia is obtained by mixing a solution of acidu- 
lous tartrite of potash with carbonate of magnesia. ‘Tartrite of 
silver is produced by dropping a solution of nitrate of silver into 
a solution of acidulous tartrite of potash. Tartrite of mercury is 
precipitated by letting fall tartareous acid into a solution of ni- 


_ trate of mercury. In a similar manner, tartrite of lead and tar- 


trite of bismuth are formed. Tartrite of iron and tartrite of 
copper are produced by decomposing in a like manner, a solu- 
tion of sulphate $f copper, or sulphate of iron. 

U2 
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CITRIC ACID. 


“PART XCVv. 


» 


Crraic acid exists in the juice of lemons and oranges; in un- | 
ripe grapes, mesa higiaigd and: a-variety of other sour 


fruits. 
PROPERTIES OF CITRIC ACID. 


Citric acid crystallizes in the form of rhomboidal prisms, 
which suffer no alteration from exposure to air, They are easily | 
dissolved by water, and excite a very sour taste, which, when 
diluted, is exceedingly pleasant. One part of boiling water dis- 
solves two of citric acid, It acts upon iron, zinc, tin, lead, and 
various other metals. Treated with nitric acid it becomes con- 
verted into oxalic and acetic acid. Exposed toa red heat, it 
becomes decomposed into carbonie acid, and carbonated hidro- 
gen gas, and a little charcoal remains behind. 


METHOD OF OBTAINING CITRIC ACID. 


Saturate any quantity of boiling lemon juice, by adding to it 
gradually, pure chalk, in small quantities, until the effervescence 
ceases, on adding to it a new portion of chalk. During this 
process a white precipitate will be formed, and fall down to the 
bottom, consisting of citric acid and lime, (citrate of lime.) Se- 
parate this precipitate by transferring the whole on a strainer, 
and pour water ov rer it till this fluid passes tasteless. Trans- 
fer the washed precipitate into a matrass, or other convenient 
vessel, and pour over it as much sulphuric acid as will neutra- 
lize the chalk employed, having previously diluted the acid with 
six times its weight of water. Boil the whole about half an 
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| hour, agitating it with a wooden spatula during the whole time, 
and then pour it on a filter, taking care to return the fluid, which 
passes through, back upon the filter until it becomes perfectly 
clear. Having done this, evaporate the fluid in a shallow vessel to 
the consistence of a thin syrup, and leave it to crystallize un- 
disturbed. The crystals obtained are citric acid; in order to'ob- 
_tain them in a state of purity they must be re-dissolved, the 
solution must be filtered, and re-crystallized repeatedly.* Four 
parts of chalk require in general, for saturation, 94 parts of 
lemon juice. The citrate of lime produced amounts to about 72 
parts. To decompose this, nearly 20 parts of sulphuric acid are 
necessary. “ | : 


The combination of citric acid with different bases, forms the 
salts called cirraTEs. ~ 


PROPERTIES OF CITRATES. 

Ali the salts consisting of citric acid, when dissolvedin water, 
are decomposable by the addition of tartareous and oxalic acid. 
They are likewise decomposed by sulphuric, nitric, and mu- 
_riatic acids. _A solution of barytes, mingled with a solution of 
citrate of potash, soda, or SIOHORIA a an insoluble pre- 


; cipitate, - 
METHODS OF OBTAINING CITRATES. 


Citrate of soda, ammonia, lime, potash, or magnesia, may 
be formed by dissolving the carbonates of these substances in 
citric acid, and evaporating the solution. The two latter do 
not crystallize. Citrate of barytes is precipitated by adding a 
solution of barytes to citric acid. Citrate of strontia is produced | 
by dropping a solution of nitrate of strontia into citrate of am- 

_ monia. Citrate of iron and citrate of zinc may be formed by. 
_- dissolving these metals in citric acid, and subsequent. evaporation 
_and crystallization, Citrates of silver, mercury, and lead, are 
obtained in a similar manner from the oxids of these metals. 

poate: G3 


* Mr. Coxwell who has established a manufacture of citric acid, prepares it in a 
state of absolute purity ; ant at so cheap a rate as was formerly thought impossible 
to pprerore it. 


/ 
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MALIC ACID 


PART XCVI. 


Tus acid is found in the juice of unripe apples, and in those 
of barberries, elder-berries, gooseberries, plumbs, and the com- 
mon house-leek, 


PROPERTIES OF MALIC ACID. 


Malic acid cannot be obtained in a crystalline form, but ap- 
pears always in the liquid state. Its taste is an unpleasant sour. 
If left exposed-to the air it gradually undergoes a spontaneous 

she sala Nitric acid converts it into oxalic acid. 


METHODS OF OBTAINING MALIC ACID. 


1. Take the juice of apples, saturate it with potash, and then 
add a solution of acetite of lead till it no longer occasions a ‘pre- 
cipitate; wash this precipitate, which is malate of lead; pour 
_ Over it sulphuric acid till the liquor acquires an acid taste with- 
out any mixture of sweetness, and filter the whole, in order 
to separate the malic acid from the sulphate of lead which is. 
formed. | 
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2. Malic acid is also obtained by adding to the expressed juice 
_of house-leek, a solution of acetite of lead, till no further pteci- 
pitate ensues. The precipitate, after being washed, may be de- 
composed by sulphuric acid as before, 

3. Malie acid ‘may likewise. be produced by distilling equal 
quantities of nitric acid and sugar, till the solution acquires a 
brown colour. The sugar is thus partly converted into oxalic and 
partly into malic acid. The oxalic acid may be separated by ming- 
ling the solution with lime-water, until no farther precipitate 
ensues; the malic acid is then left behind, In order to obtain 
it in a pure state neutralize it with lime, filter’ the solution, 
and mix it with alcohol. A coagulation now takes place, for 
_the water separates, and the malic acid, united to the lime, 
may be obtained by filtration. Having done this let it be dis- 
solved in water, and add to it a solution of acetite of lead until 
- no farther precipitate ensues. This. precipitate which is malate 


of lead, may be decomposed by sulphuric acid, as before di- 
rected. 


= - 


“Malic atid npited to different bases, forms the aig called 
’ MALATES, 


PROPERTIES oF MALATES, 


These salts are little known, they have been examined super- 


ficially by Scheele only. The malates of potash, soda, and am-4 


monia are deliquescent. Malates of lime, barytes, and magnesia, 
are very insoluble. 


_ METHODS OF OBTAINING MALATES. 


Malate of potash, soda, ammonia, lime, or barytes, may be 
formed by dissolving mee Heplics | in malic acid, and evaporating 
the solutions, ; 


4 
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GALLIC ACID. 


PART XCVIL.. | 


Gate acid exists in the gall-nut, in the husk of nuts, in oak 
bark, and in all those vegetables commonly called astringents. 


PROPERTIES OF GALLIC ACID. 


Gallic acid appears in the form of minute needle-shaped crys- 
tals. Its taste is sour, and austere or astringent. It strongly 
reddens blue vegetable colours. It is soluble in about 10 parts 
of cold, and in three of boiling water. It is not altered by - 
exposure to air. Exposed gradually to a gentle heat it sub- 
limes without alteration, but if exposed to a strong heat, quickly 
applied, it becomes decomposed into carbonic acid, and carbo- 
nated hidrogen gas. It has a strong tendency to unite with me- 
tallic oxids. With the red oxid of iron it produces a deep black 

a precipitate. This combination is the basis of ink and black dyes. 


METHODS OF OBTAINING GALLIC ACID. 


. For the following method of eee gallic acid we are in- 
debted to Mr. Fiedler.* 

1. Dissolve two ounces of alum of commerce in water, and 
precipitate the solution, by letting fall into it a solution of pot- 


_ * Nicholson’s Journal, vol. 1. No. 3, p. 236: 
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ash; wash the precipitate well, and transfer it into an aqueous 
infusion of gall-nuts (obtained by infusing 1 oz. of galls in 16 of 
water, and evaporating the infusion to one half), agitate the 
mixture frequently-during the course of 24 hours, and trans- 
fer it on a-filter. The fluid which passes through the filter 
is gallic acid; it may be obtained-in the form of, needle-shaped 
crystals by evaporating it slowly, till a pellicle appears, and then 
letting it stand undisturbed. 

2. Gallic acid may also be obtained, fae to Scheele, in 
the following manner: Reduce a pound of nut-galls to powder, - 
and pour upon it'six pounds of distilled water: Leave this mix- 
ture to macerate for thé space of 15 days at a temperature of 
from-68° to 77°. Then filter this liquor; and after the filtration, 
expose it in a vessel of glass or stone-ware, to evaporate slowly 
in the air. During this evaporation, which may be continued 
during two or three months, the gallic acid will be deposited in 
crystals, on the sides and bottom of the vessel, and on the in- 
ferior surface of a pellicle which will have formed over the mix-. 
ture. At the end of this period, pour off the liquor. Then, 
dissolve whatever remains in the vessel in alcohol. This last — 
solution, evaporated, will afford the gallic acid in crystals. : 

3. Gallic acid may likewise be obtained by exposing powdered 
nut-galls in a retort to a moderate heat. The acid by this means 
sublimes ; part condenses in small white crystals, and part is ob- 
tained in a fluid form, from its combination with a portion of 
water contained in the galls. 

Remark...This process requires a great deal of precaution ; 
the fire must be gradually raised, and slackened the moment. 
coloured drops fall from the beak of the retort, otherwise the | 
whole product becomes dissolved again, and is lost. 


‘ 


Gallic - acid, united. to. different bases, forms salts called 
GALLATES, They have not hitherto been examined. 


‘ 
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SUCCINIC ACID. 


»> 
R i : 
\ pre as a ne a a nn od 


PART XCVIII, 


SuCccInic acid exists in a bituminous substance, called am: 
ber, which is of a yellow colour, takes a fine polish, and is elec: - 
tric. It is found principally on the sea-coast in Prussia. 


PROPERTIES OF SUCCINIC ACID. 


Succinic acid exists in a solid form. Its crystals are colourless, 
four-sided oblique plates, which are permanent in the air. It 
has a strong acid taste. It is soluble in 24 parts of cold, and in 
two of boiling water. It is slightly soluble in alcohol. It is yo- 
latilized by heat. 


METHOD OF OBTAINING SUCCINIC ACID. 


Fill a matrass half full of amber, lute to it an alembic, cla 
distil with a gradual heat, till drops of oil fall from the beak 
of the-alembic. Then separate the solid acid which has sub- _ 
limed, dissolve it in water, filter the solution, and suffer it to 
crystallize. Repeat these latter operations till the salt is nearly 
colourless, . 


The salts formed by succinic acid are termed sucerNATES. 
Their properties are very little known. - 


‘METHOD OF OBTAINING SUCCINATES. 


Succinate of potash, soda, ammonia, or lime, may be ob- 
tained, by dissolving these alcalies to saturation in succinic acid, 
evaporating the solution, and setting it aside to crystallize. Suc- 
cinate of magnesia is obtained in a similar manner, but it does 
not crystallize. 


~ 


= 
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BENZOIC ACID. 


- PART XCIX. 


| Ben ZOIC acid exists in considerable quantity in the concrete 
resin, termed benzoin 3 1n Peruvian balsam ; in balsam of Tolu, 
liquid storax, and other odoriferous substances of a similar nature. 
It also exists in human urine, and in that of cows; in the blood; 
in the albumen of eggs; in BRC, silk, eee sponge, and in. 
mushrooms. * 


PROPERTIES OF BENZOIC ACID. 


Benzoic acid exists in the form of fine white light crystals, 
which are not brittle, but rather ductile. Its taste is not very 
predominant, but irritating and vivid. - When perfectly pure it 
is totally void of odour. It is sparingly soluble in cold, but 
abundantly in hot water, and very soluble in alcohol, and in sul- 
phuric and nitric acid. It is unalterable by air and volatilizes in 
a moderate heat. It burns when placed on ignited charcoal, and, 
_ detonates with nitrate of potash. 


_ * Annales de Chim. xxxvis PP 272. | 
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METHODS OF OBTAINING BENZOIC ACID. 


Benzoic acid is best obtained by boiling repeatedly four parts: 
of powdered benzoin with one of lime, in four parts of water, 
filtering the solution, and adding to it ‘muriatic acid, till no fur- 
ther precipitate ensues. The precipitate obtained. is benzoic - 
acid. It may be purified by repeated solutions, filtrations, and 
crystallizations. i 

Benzoic acid may also be obtained _by exposing benzoin in a 
crucible to a gentle heat, and covering the crucible with a cone 
of blotting paper. The acid sublimes and affixes itself to the 


paper. 


The salts which this acid forms are called BENzoatTes. Their ~ 
properties are little known. 


METHOD OF OBTAINING BENZOATES. 


‘Benzoate of potash, soda, ammonia, barytes, or lime, may 
. be obtained by neutralizing benzoic acid with these alcalies, eva- 
porating the solution and suffering them to crystallize. Benzoate 
of alumine and magnesia are produced in a similar manner. 
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CAMPHORIC ACID. 


SPAR PIE 
; i 


PROPERTIES OF CAMPHORIC ACID. 
i 


Campxoric acid exists in the form of white crystals which 
éffloresce in the air. Its taste is acid and somewhat bitter. It 
strongly reddens vegetable blues. It has little or no odour. It is 
very volatile; it is soluble in water, in alcohol, in. ‘sulphuric, 
nitric, and muriatic acid. 3 


METHOD OF OBTAINING CAMPHORIC ACID. 
Put into a retort one part of camphor and eight of nitric acid, 


distil the mixture, and repeat it three times on the same resi- 


_ due with a-like quantity of acid; after the last distillation is 


accomplished, -crystals will be found in the retort, which are - 


camphoric acid. 


_ 


, denominated CAMPHORATES. 


PROPERTIES OF CAMPHORATES. ' 


‘ 


me “urged with the blow-pipe they burn with a 2 blae flame. Theit 
taste is a saline bitter. 


METHODS OF OBTAINING CAMPHORATES. 
Camphorate of potash, soda, or ammonia, may be obtained 


by neutralizing these alcalies with camphoric acid, evaporating . 


the solution and suffering it ‘to crystallize. Camphorate of lime 
and alumine may be cate Ca in a similar manner. 


- The salts formed by camphoti¢ acid with different bases, are 


All the camphorates known are easily decomposable by heat ;. 


¢ 
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‘MUCOUS, 
SACCHO-LACTIC ACID. 


PART CI. 


"urs acid was discovered by Scheele, who obtained it by 
treating sugar of ie with nitric acid. Hence he called it saccho- 
lactic acid. 


PROPERTIES OF MUCOUS ACID. 


Mucous acid exists in the form of a white gritty powder. 
‘It is sparingly soluble in water, but more soluble in alcohol. Its 
taste is slightly acid, but it sensibly reddens tincture of cabbage. 
It scarcely acts upon any of the metals. .It forms soluble salts 
with potash, soda, or ammonia; but insoluble compounds with 
most of the rest of the alcalies and earths. 


METHODS OF OBTAINING MUCOUS ACID. 


Take one part of gum arabic reduced to powder, put it into 
a retort, and pour over it two parts of nitric acid; heat the mix- 
ture gradually, keep it boiling for about a quarter of an hour, 
"and then suffer it to cool ; a white powder will separate, which 
after being washed is mucous acid. ; | 

Mucous acid may be obtained, by treating sugar of milk twithe 
nitric acid, in a similar manner. 


7 


o—_—_—_—__ 


The compounds formed of mucous acid have been but little 
investigated, 
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SUBERIC ACID. 


PART CII. 


Suseric acid exists in cork, a substance well known. 
PROPERTIES OF SUBERIC ACID. 


Suberic acid may be produced in a solid form. Is is volati- 
lized by heat. _ It has.a sharp acid bitterish taste, it acts strongly 
upon the throat and excites coughing. It strongly reddens vege~-. 
. table blues, and has the peculiar property of turning the blue so- 
lution of indigo in sulphuric acid to green. It is difficultly soluble | 
in cold, but easily soluble in boiling water. When urged by the 
heat of a blow-pipe, it ei becomes dry, and at last sublimes 
entirely. 


METHOD OF OBTAINING SUBERIC ACID. 


Introduce one part of cork cut into small pieces into a retort, 
and pour upon it six of nitric acid, distil the mixture with a gen- 
tle heat till no more nitrous gas appears. Then pour the con- 
tents into a bason, and evaporate it till it acquires the consistence 
of honey, anda pungent suffocating vapour arises ; then add to 
it twice its bulk of boiling water, heat it gently and pour it on a 
filter. The fluid which passes, when cooling, deposits a precipi- 
tate, which must be separated; the fluid is then evaporated to 
dryness, and the product obtained is suberic acid. 


The union of suberic acid with different bases constitutes. the 
salts called supernates, They have no marked properties ex- 
cept a bitter taste. ‘ 
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PRUSSIC ACID. 


PART CIIL 


Tus acid derives its name from the pigment called Prussian 
blue, of which it forms a componentepart. 


PROPERTIES OF PRUSSIC ACID. 


Prussic acid exists in the form of a colourless fluid. It has a 
strong odour greatly resembling that of peach-tree flowers, or of . 
bruised bitter almonds. Its taste is sweetish but acrid. It is 
very volatile and inflammable when in the state of vapour or gas. 
It does not redden the most delicate vegetable blues. It is easily. 


_ decomposable at high temperatures, and becomes converted into 


ammonia, carbonic acid, and carbonated hidrogen gas. It does 
not act upon any‘of the metals, but readily unites with most of 
‘their oxids. It has a great tendency to form triple compounds 
with alcalies and metallic oxids, and in that state it decomposes 
all metallic salts, and hence it is one of the most eer re- 
ace of the chemist. : 


METHOD OF OBTAINING PRUSSIC ACID. 


Fhe process is as follows: Put into a glass matrass two parts 
of pulverized ae blue, one part of mi oxid of mercury, 
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and six parts of water; boil this mixture for half an hour, agi- 
tating it frequently, then filter it, and pour over the residuum two 
parts more of boiling water, and having united the cer ee eva- 
porate the whole to obtain crystals. 

RaTIona.e.;.The prussic acid quits the oxid as iron to unite _ 
. to the oxid of mercury, with which it forms prussiate of mer- 
cury, which can neither be decomposed by acids nor alcalies. In. 
order to disengage from it the prussic acid, dissolve it in water, 
or take the liquor above mentioned not concentrated: pour the 
quantity obtained in the preceding experiment, into a bottle con- 
taining about an ounce of iron filings, add nearly three ounces of 
concentrated sulphuric, or muriatic acid, and shake it well for 
some minutes: the mixture now becomes. black, for the iron 
unites to the oxigen of the mereury, and combines with the 
acid: Leave the fluid at rest, and then decant it, and put it 
into a retort placed on a sand-bath; adapt to the retort a re- : 
ceiver, containing a little distilled water, to absorb the acid, and : 
carefully lute all the joinings. By the help of a gentle heat the ~ 
prussic acid,-being more volatile than water, will pass over first ; 
and when about a fourth of the aie has sa stop the ope- 
ration. 

The liquor which passes contains a little sulphuric acid: to 
free it from this acid, distil it again with a very gentle heat from 
pulverized chalk, and prussic acid will be obtained in the 
greatest purity. } ise die | : 

Prussic acid may also be obtained by putting prussiate of pot- 
ash and iron into a tubulated retort, and adding to it gradually 
sulphuric or muriatic acid, and heating the mixture ; the prussic’ 
acid becomes disengaged, and is absorbed by the water préviously 


s 


4 


“put into the receiver. 


- 


The sentiintat of prussic acid ae different bases évtenh salts, 
called RUSSIAFER.© 21 pity d ‘hi 
NOL. 625 oe 
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‘PROPERTIES OF PRUSSIATES. 


__ These salts have been little examined, probably. on account of- 

the difficulty, which attends their formation, and the spontaneous 
decomposition they suffer. All that is known concerning thera 
is, that they are very easily decomposed by all acids, and also by 
a mere exposure to vivid light, or to ‘a heat of about 110°. 
All the “metallic prussiates are insoluble, except prussiate of 
mercury and manganese.’ These compounds are not decom- 
posable by acids. The triple prussiates are the salts which 
have been most particularly examined, on accourit of the im- 
portant action they exercise upon other bodies. 


METHODS OF OBTAINING PRUSSIATES. 


Prussiate of potash andiron. The best methods of. peers 
this important salt are the following: = 

Prepare pure potash, as directed before, page 229, &c. 

Dissolve it in five times its weight of water, and pour this so- 
lution into a glass receiver, placed in a sand-bath, heated to 170° _ 
or 180°, and then gradually add the best Prussian blue in pow- — 
der, injecting new portions, ‘as the former becomes discoloured, 
and supplying water as fast as it evaporates, until the last added 
portions of Prussian blue are no longer discoloured; then in- 
crease the heat to boiling, ahd continue it for half an hour. 
Filter the ley thus obtained, and saturate it with sulphuric acid 
moderately diluted ; 4 precipitate will appear: when this ceases, 
' filter off the whole, and’wash the precipitate. . 

Evaporate the filtered fluid to about one quarter, and set it 
aside to crystallize: after a few days, yellowish crystals of a cu- 
bic or quadrangular form will be found mixed with some sul- 
__ phate of potash and oxid of iron; pick out the yellowish crystals, 
Jay them on’blotting paper, and re-dissolve them in four times 
their weight of cold water, to. exclude the sulphate of potash. 
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s 


Having done this, essay a few drops of this solution with ba- 
-rytic water, to see whether it contains any sulphuric acid, and 
add some barytic water to the remainder if necessary; filter off 
the solution from the sulphate of barytes, which will have pre- - 
cipitated, and set it by to crystallize for a few days, that the 
barytes, if any should remain, may be precipitated. If the crys- 
tals now obtained be of a pale yellow colour, and discover no 
bluish streaks, when sprinkled over with muriatic acid, they are 

fit for use; but if they still discover bluish or green streaks, the 
- soltition and crystallization must be repeated. | 

‘These crystals must be kept in a well-stopped bottle; nihil 
to preserve them from the air,. should be filled with inimcent as 
they are insoluble in it, 

Another good method of preparing this salt lids been lately 
given by Mr. W. Henry.* It consists in first forming a triple prus- 
siate of barytes, and adding it in crystals to. a solution of carbo- 
nate of potash, till the solution no longer restores the colour of 
reddened litmus paper. After digesting the mixture for half an 
hour, filter the liquid’ and epenorate it gently: The triple Rue 
siaté of potash crystallizes. | 

Triple prussiate of potash; soho pure; forms fine iaupacnle 
punter of a yellow colour; they have the form of cubes or 
parallelopipeds, and contain, when prepared hpoetion to the 
first method, 0.24 parts of oxid of iron. 

Remark. This salt or its solution in water, is the most 
useful: fest ever discovered, for by means of it we are. enabled 
to ascertain whether any metallic substance is present in any 

_ solution; for it precipitates all metals, (platina excepted) in the 
form ‘of a coloured powder, from the colour of which we may _ 
learn what metal was present in the solution, and from the , 
proportion, its respective quantity. But in order to be accurate 
in this respect, the test employed must itself either be free from _ 
ep. ae 


" * Nicholson’s Journal, iv. 31: 
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iron, ‘or the quantity it contains must be known. The first ob~ 
ject has hitherto failed, the latter may be accomplished in the 
following manner: Take 100 grains of the triple prussiate, ob- 
tained as before, heat it to redness for half an hour in an open 
crucible: it will thus, be consumed, and the iron will-remain in 
the state of a reddish brown magnetic oxid; this must be weigh~ - 
ed, and the weight noted down. © This oxid is half the weight of- 
the Prussian blue which the test would afford: its weight must 
therefore be subtracted from»that of the precipitate formed by 
the test. Hence the weight of the crystals, in a given quantity of 
the solution, should be noted, that the quantity employed in pre- 
cipitation may be known. Care must be taken to continue the 
heat till the oxid of iron becomes brown; for while it is black 
it weighs considerably more than it should. 
_ Prussiate of lime and iron may be obtained by boiling two 
parts of Prussian blue, in about 56 of lime-water, for about 4 of 
an hour, till the prussic:acid is neutralized with the lime, which will 
be known by its not altering the colour of turmeric paper. Prus- 
siate of barytes and iron is best prepared according to Henry’s 
method, by adding Prussian blue to hot baiytic water, till a new 
portion added ceases“to be discoloured ; the solution may then be 
filtered, evaporated, and crystallized. Prussiate of strontia and | 
tron is produced in a similar manner. Prussiate of iron, or Pras 
sian blut, is prepared by igniting, with a moderate heat, 3 parts 
of dried blood and 2 of carbonate of potash. From this mass a 
ley is obtained, by the affusion of water. This is mingled with a 
: solution of one part of sulphate of iron of commerce, and two of . 
alum ; a green precipitate is formed, which, when washed witly 
diluted muriatic acid, assumes a beautiful blue colour. 


“ . 
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LACTIC ACID. 
| 2ST SEE 


PART CIV. 


"T pars acid exists in the whey of milk. 
| "PROPERTIES OF LACTIC ACID. 


Lactic acid is capable of existing in the solid state ; but it 
greatly attracts moisture, and becomes liquid. ‘It has a sour 
taste. - It strongly oxidates iron, zinc, copper, and various other . 
metals. ¢ | 


METHOD OF OBTAINING LACTIC ACID. 


_. Take any quantity of whey, evaporate it very slowly to one 


_ eighth, filter it, and then add to it lime-water till no farther tur- 


bidness appears. Filter the mixture again, and let fall into the 
fluid, diluted with water, a solution of oxalic acid, till it produces 
no further cloudiness. Then filter it and evaporate the fluid to the 
consistenee of syrup, and mingle it with alcohol. Having done 
this separate the fluid again by filtration, add to it a small quan- 
tity.of water, put it into a retort, and distil off the spirit; the re- 
maining water then contains the lactic acid in a pure state. 


- 


OO? 


Saeed 8 combination of lactic acid, with different bases forms 
_ salts called LAcTATEs. They have not as yet been examined 
with accuracy. ‘ : 


fs te Ws Kier 
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SEBACIC ACID. 


PART CV. 


PROPERTIES OF SEBACIC ACID. 


SeBAcIc acid exists in a concrete form. It crystallizes in 
needles. It is void of ‘odour. Its taste is slightly acid. When 
heated it liquefies like tallow. It is soluble in cold water. Boil- 
ing water dissolves it very readily. It is also soluble in alcohol. 
- It precipitates the acetites and nitrates of silver and mercury. 


METHODS OF OBTAINING SEBACIC ACID. 


Distil hog’s lard, wash the product with hot water, and drop 
into it a solution of acetite of lead, till it occasions no further pre-". 
cipitate. Collect this precipitate, wash it, and dry it., Having 
done this, pour over it sulphuric acid and heat it; a substance re- 
sembling fat will then appear on the’surface. This, being collect- 
ed, dissolved in boiling water, and suffered to cool, exystallizes, 
and is sebacic acid. pst 


é ? { 
The combination of sebacic acid with different bases, forms the 
salts called szpatss. Sebate of potash, soda, ammonia, or lime 


are crystallizable. 
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-LACCIC ACID. 


PART CVI. 


: 
( 


Tus acid has been discovered by Dr, Pearson, ina wax-like 
substance called white lac, formed by certain insects of the coc- 
cus tribe. By exposing this substance to such a degree of heat 
as was just sufficient to liquify it, a fluid was obtained to which 
the Doctor has given the name of Jaccie acid. 


PROPERTIES OF LACCIC ACID. 


_Laccic acid naturally exists in the fluid state. Its specific 


gravity Dr. Pearson found to be 1,025. at 60°. It strongly:red- 


dens paper stained with, litmus. It has a saline bitter taste, 
When heated it smells precisely like newly-baked hot bread. 
On suffering it to be exposed tq the atmosphere it becomes 
turbid. . 


X4 
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BOMBIC ACID. 


PART CVIL. | 


ace arene esc es eee ee eee 


"Tue phalzena, or moth of the silkworm, particularly when in 
the state of a chrysalis, contains an acid liquor, said to be of a 
. peculiar nature. This acid is obtained by squeezing the juice of 


the chrysalis through a cloth, and precipitating the mucilage by the _ 


admixture of alcohol. Or, it may be obtained by digesting the 
chrysalis in alcohol, mixing the infusion with a little water, and 
subtracting the alcohol by a gentle heat. The acid thus obtain- 
ed is of ‘an amber colour. It affords prussic acid when distilled 
with nitric acid. Its other properties and combinations are hi- 
therto little known, j 
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AMNIOTIC ACID. 


PART CVIIL. 


V avevriin, and Bunivya have discovered a peculiar acid 
in the liquor of the amnios of the cow, to which they have given 
the name of amniotic acid. 


PROPERTIES OF AMNIOTIC ACID. 


Amniotic acid exists in the form of a white pulverulent pow- 
der. It is slightly acid, but sensibly reddens vegetable blues.’ It 
is difficultly soluble in cold, but readily soluble in boiling water, 
and in alcohol. When exposed to a strong heat it exhales an 
odour of ammonia and of prussic acid. Assisted by heat it de- 
composes carbonate of potash, soda, or ammonia. ‘ It produces 
no change in the solutions of silver, lead, ‘or mercury, in nitric 
acid. Exposed to heat, it yields ammonia and prussic acid. 

Amniotic acid may be obtained by. evaporating the liquor of | 


ee the amnios of the cow to a fourth part, and suffering it to cool, 


crystals of amniotic acid will be obtained in considerable quantity. 
Whether this’acid exists in the liquor of the 2 amnios of eos 
animals is not yet known. ! 
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URIC ACID. 


PART CIX. 


Tus acid exists in the urinary calculi, and also in human 


urine. That species of calculus which resembles wood in its colour 
and appearance, consists almost entirely of uric acid. It was 
formerly called lithic acid, a name now superseded by the judi- 
cious remarks of Dr. Pearson, to whom we are indebted for a 
; thoropga knowledge of it. . 


PROPERTIES OF URIC ACID. 


Uric acid crystallizes in thin plates. It bis very little taste 
or odour. It is insoluble in cold, but soluble in 300 parts of | 


boiling water, it then reddens delicate vegetable blues. It is not 


acted upon by muriatie acid. Sulphuric acid, assisted by heat, | 


decomposes it. It is soluble in nitric acid, and communicates 
to it a pink colour. The solution tinges animal matter of the 
same colour. It combines readily with alcalies and earths, and 
forms salts, which are decomposable by most of the other acids. 
The combination of uric acid with potash or soda, forms com- 
pounds nearly void of taste. The last is found crystallized in the 
human body, forming the gouty concretions of those afflicted 
with the gout. : : 
— ; 

The acids called Formic and Zoonic are hind more than 

acetic acid. 
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GENERAL VIEW. 
THE CHEMICAL PHENOMENA. 


VEGETATION. 


STRUCTURE OF PLANTS. 


V scErasies are organized bodies, which are nourished by 
‘certain substances, received by and prepared within their ves- 
sels. They are all produced from seeds. They grow on the © 
earth ; at the bottom and on the surface of the ocean, and other 
waters; and parasitical upon other vegetables. 

The structure of vegetables is nearly the same in all of them. 
They are composed of three principal parts, namely , the BaRK, 
the woop, andthe piru. ‘The bark is the outermost part: it 
covers the whole body of the plant.or tree. On examining it | 
minutely, i¢ will be found to be also composed of three distinct 
substances, called the epidermis, the parenchyma, and the corti- 
cal. layers. The epidermis is a very thin transparent membrane 
which covers the whole outer part of the bark. The parenchy- 


_. ma is placed below it: it is a succulent green membrane of a re- 


tiform texture. ‘The cortical layers are the undermost : they 
consist of several thin membranes, composed of a multitude of lon- 
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gitudinal fibres, which cross each other, and form a kind of net- 
work. The wood lies under the’ bark ; it constitutes by far the 
greatest part of the tree or vegetable. It consists of concentric 
layers, which are composed of longitudinal fibres. The pith is 
situated in the centre of the wood: it is a very spongy substance, 
and contains a vast number of cells. 'Throngh all these different 
parts of the plant, vessels are abundantly distributed, by means of 
which the functions necessary for the life and re-production of 
the vegetable are carried on. The conditions necessary for that 
purpose constitute the chemical phenomena of vegetation. 


_ PHENOMENA OF VEGETATION. 


If a seed, which consists of three principal parts, namely, the 
cotyledons, the radicle, and the plumula, is placed in a situation 
favourable to its vegetation, it absorbs moisture, swells, and be- 
comes soft. The radicle is converted into a root, and penetrates 
into the earth. The cotyledons emerge above the ground, and 


expand in the form of leaves, (called the seminal leaves); and _ 


the plumula becomes the stem, to which the leaves are affix- 

ed. ‘The whole seed, during this time, changes:to a substance of 

a saccharine nature, which serves for the first food of the plant. 

_ When these appearances take place the seed is said to germinate or 

grow. The food which was laid up in the seed for the embryo, 

plant is then exhausted, and the plant derives its future nourish 
ment principally from the air and soil. 


_ FOOD OF PLANTS. 


The food of plants consists: of water impregnated with vegeta- 
ble and animal matter, and several gases ; but water and air form 
the principal part of the food of every vegetable. They are decom- 


posed in the vessels of the plant, ‘The hidrogen of the water is’ 
retained; the oxigen is also absorbed, but the greatest part of it : 


appears to be evolved again by the leaves, Water also serves to 
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- supply plants with carbonaceous matter, pee it diffuses through - 
the leaves, &c. and the same pr inciple i is absorbed from the airin 
the form of carbonic acid z4s. These are the only sources whence 
the charcoal, contained-in vegetables: which grow in water and 
air, can be-derived. ‘The. influence of heat and light are-well 
known to be also very essential to the life of plants. © 

The manner in which the functions of vegetables are carried 
- onis hidden from our view ; they appear to be analogous to the 
organization and nourishment of animals, es therefore belong to 
the science of idl Seg | 


SENSES AEE PRINCIPLES OF VEGETABLES: ; 


- The ‘mamediae vig thi of vegetables whith are obtained by 
simple, easy, and frequently mechanical extractions, and which 


. constitute every kind of vegetable matter, are MUCILAGE, 


or GUM; STARCH,)or. FECULA; JELLY; SUGAR; 
GLUTEN; FIXED. OIL; VOLATILE OIL; CAMPHOR ; 
' WAX; RESIN; EXTRACT; CAOUTCHOUC; ACIDS, 
TANIN; COLOURING MATTER; SUBER; and WOOD, 
or LIGNEOUS FIBRE. 


' Mucitacz, on Gum. This substance is void of odour and 
taste. Itis not fusible nor volatile. It is soluble in water, but 
not in alcohol or oils. It suffers no change on being exposed to 
air. Its solution ia water is adhesive, and used as a paste. Nitric 
acid converts it into mucous acid, (page 318). It is found in all 


a young plants, and often exudes spontaneously from certain trees ; 


the species of mimosa are the most productive, particularly the 
nilotica. Gum<arabie, and wild cherry-tree and plumb-tree gum 
exhibit samples of this kind.. Cruikshank obtained from gum, ” 
exposed to heat ina close vessel; mucous acid, carbonic’ acid, 
hidro-carbonate and ammonia; the residuum consisted of charcoal 
containing lime. Its principles are “Sion ets 3) oxigen, hidro- 


_ gen, carbon, pitrEeD, and lime. ‘ 
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‘STaRcH, oR Fecuna, constitutes the chief part of all the nu- | 


tritive grains. Barley consists almost entirely of it. It appears . 


in the form of a light, white, insipid, inodorous powder, soft 
to the touch. It is insoluble in cold, but easily soluble in boil- 
ing water, with which it forms a thick paste; which, when dried, 
assumes the appearance of a semi-transparent jelly, soluble again 
in hot water.’ Nitric acid converts it into oxalic and malic acid. 


It is inflammable. Starch may be extracted from wheat, rye, 


. potatoes; &c. by beating or kneading the flour of the substances 


with a large quantity of water. This fluid takes up the finest 
part of the starch, and deposits it agaiti; the water ‘is then de- 
canted, and the starch is suffered: to remain in the water till it 
becomes sour; it is then washed repeatedly and dried. Itisa 
ternary compound of carbon, hidrogen; and oxigen. 

Jetty has a tremulous consistence. It is apis soluble in 
hot but difficultly so in-cold water; when strongly boiled for 
some time it loses the property of gelatinizing.* Ithas.a pleasant 
taste, and is always coloured by the fruit from which it is obtain- 


ed. When dried, it becomes transparent like glue. It is ob- 


tained by pressing. out the j Juice of ripe fruits, allowing it to re- 
pose, and boiling it up and straining it through flannel. The 


juice of blackberries, currants, :gooseberries, &c. combined 


with sugar and gelatinized is well known. 


\ x 


SuGcar. Its properties are well known. It is very extensively 


diffused throughout vegetables; the juice of the sugar-cane, 
affords it in abundance: it is likewise obtained from the sugar 


maple; from the beet-root, &c. The process for the preparation, 


of sugar is, to press the juice, to boil it with l’:ue-water, and 
with the serum of blood; to neutralize some oxalic. acid, and 


* Hence the reason why in making jellies, if the quantity of sugar is not double 
that of the juice, it requires so long boiling to evaporate the superfluous water, and 
the jelly loses its gelatinizing property, or if it does gelatinize it soon spoils, 
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separate from it many impurities ; and then to evaporate it to a 
certain’ consistence, and cast it in a mould, or suffer it to crys- 
tallize. The constituent principles of sugar are, oxigen, carbon, 
and hidrogen. | 


» Guurten is an elastic, ductile, seemingly fibrous, or merii- 
branous substance, insoluble in water, and putrefiable like ani- 
mal matter. Its taste is insipid. Itis slightly soluble in alcohol. 
It is dissolved by alcalies. Dried gently, it becomes semi-trans- 
parent, hard, and breaks with a noise and smooth fracture. Tt’ 
may be obtained by working or kneading flour’ repeatedly 


_ with water, the insoluble mass remaining’ is gluten. It may be 


obtained from the expressed juice of scurvy-grass, cresses, &¢! by) 
merely suffering it to stand exposed to the air, in order to sepa- 


rate the dolouring tnatter, and then boiling’ it briskly for a few 


minutes. The gluten will coagulate, and may be separated by 
percolation. It consists of hidrogen, carbon, and nitrogen ; and 
differs’ from the- preceding vegetable principles by containing a 
much larger portion of nitrogen. | 
ae j 

; wid Ort is an immediate principle in many vegetables. 
It is somewhat thick, mild, inodorous, or slightly odorous. It is 
inflammable when very hot, or reduced into vapours. It absorbs 
oxigen from the air, and thickens or becomes concrete. It is 
insoluble in water, and forms soaps with alcalies. Fixed oils 
exist rarely except in nutritive seeds or kernels; it is extracted by 
mechanical pressure, or by trituration: in water. Oil of olives, 
linseed, 8&c. belong to this class. ‘ : 


Vorarire Orr is a fluid of a strong aromatic odour, and acrid 


_ taste. It is very inflammable, and not easily saponifiable by al- 
calies. It is volatilized at 212°. It is soluble in‘alcohol. It dis- 


solves resin and camphor, and is easily inflammable by the affu- 
sion of nitrous acid. It is usually obtained by subjecting vegeta- 


bles to distillation with water; part of it becomes dissolved by 


\ 
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that fluid, but the greatest part floats on the surface. Oil of 
lavender, rosemary, &c. are volatile oils obtained in that manner. 

CampnHor is a white, concrete, crystalline, brittle matter, ofa 
strong pungent taste and odour; highly volatile and inflamma- 
ble... It is soluble in alcohol, ether, and oils; water takes up a 
minute quantity. It is soluble in sulphuréous, rauriatic; or fluoric 
acid gas. The nitric acid also dissolves it, but the camphor soon 
separates and floats upon its surface in the form of an oily-like 
fluid. It is principally extracted from the branches and wood of 
the laurus camphora, a species of laurel, growing’ in China, 
Japan, Sumatra, &c. by submitting them, to distillation: The 
camphor thus obtained, is afterwards purified in this, and other 
countries, by re-subliming it. It exists in. small quantities, in 
thyme, -rosemary, sage, and many other labiated plants ; it may 
be extracted by distilling these plants, .and exposing their oil 
to the air at a temperature between 22° and 54°. . The oil 
gradually evaporates, and the camphor is left behind in a crystal- 
line state. It consists of hidrogen and charcoal. 


Wax. The obvious qualities of wax are well known. It is 
insoluble in water and in alcohol, but soluble in volatile and fixed 
oils. Alcalies form with it a soap. It is very fusible, andinflam- 
mable at a high temperature. Wax is formed on the antherae of 
flowers, whence it is collected by the bee.. It is likewise found 
upon the upper surface of the leaves and fruits of many trees. 


Resrn is eithet in the concrete or fluid state, it is soluble in - 
alcohol, ether, or oils, but not in water. It melts at a heat-not. 
exceeding that of boiling water. Heated strongly it burns,. It 
possesses a certain degree of transparency. Its colour is in gene- 
ral between yellow and brown. Resin frequently exudes spon- 
taneously from plants, or flows out when they are wounded fox 
that purpose. Sandarach, mastich, turpentine, &c. are resins. 
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Extract exists abundantly i in the juice of all plants; it is. 
soluble in water, in alcohol, and in diluted acids; but insoluble 
in ether. It has a strong affinity for alumine. Exposed to air it 
gradually absorbs oxigen, and then loses its solubility in water. 
The same effect is produced by oxigenated muriatic acid. It is 
obtained by mechanical pressure; by the simple infusion of the 
plant in a liquid ; or by its decoction in water, and subsequent 
evaporation, Its component principles are carbon, hidrogen, ni- | 
trogen and oxigen: Opium, liquorice juice, ‘&c. are extracts, 

CaouTCHOUC, Or ELASTIC GUM, ig a concrescible juice, re- 

_ markable for the great elasticity which it acquires when dry. It 
can be stretched to a considerable extent without breaking, . and.’ 
immediately contracts again when the force is withdrawn. It is 
soluble in ether and volatile oils. When exposed to heat it melts 
and burns with a bright flame. It is principally obtained by 
puncturing certain trees of South America, namely, the haevea 
caoutchouc; and the jatropha elastica. It is first thick and milky, 
and becomes concrete on being exposed to the air. The black- 
ish colour of the Indian rubber of commerce is owing to the me- 
thod. of drying it, It exists also in the missletoe, in gum mias- 
tich, and it in various plants. 
Acins. .'The acids erhich exist ready formed in vegetables are 
the citric, malic, oxalic, gallic, benzoic, tartareous, . acetous, | 
and suberic. They have been examined already under their res- 
pective heads, | 


Tanin is obtained in the form of a dry- powder. Its taste is 
very astringent. It is soluble in water and in alcohol: the so- 
lution, when concentrated, feels unctuous to the ‘touch, and 
froths, when agitated, like a solution of soap. Its principal. pro- 
perty is that of forming an insoluble compound with animal jelly. 
On this property is founded the art of tanning. Tanin may be ob- | 

me es) ae § See Y . 
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tained, according to Proust, by mingling a décoction of galls with 
a solution of muriate of tin. An insoluble compound is formed, 
consisting of ‘oxid of tin and tanin. This precipitate, after being 
washed, is to be dissolved in water, and a current of sulphurated 
Hidrogen gas passed through it; this combities with the oxid of 
tin, and the tanin is left in the solution. | 


CoLouRING MATTER exists in vegetables, combined with va- 
rious ‘other principles, and alters its properties according to the 
nature of the substances with which it is united. It has a strong - 
affinity for alumine and oxid ‘of tin, in ‘consequence of which 
their solutions précipitate infusions of colouring ‘principle in 
water. Colouring ‘matter is extracted from vegetable substances 
by water, alcohol, or oils; viz. from Brazil wood, logwood, ‘al- 
kanet root, &c. 

On the extraction and fixation of colouring matter dépends 
the formation of’ ba aaa iia or lakes, and the ‘whole art — 
of dying. 


Suvi; Or CORK, is a substance well known. It is the outer 

bark of the guercus yuber. It burns with a bright flame. © Nitric 
acid converts it into a peculiar acid, called ‘the suberic acid. 
Fourcroy, supposes that the epidermis of all vegetables is a sub- 
stance analogous to cork.’ ~ 


Woop, or LiGNEOUs MATTER, forms the Végetable skeleton. 
or the basis of wood. It consists of a multitude o longitudinal 
fibres. It is insipid, and insoluble in cold or hot water. It is 
Somewhat transparent. It is combustible. ‘When gradually 
heated, if air be excluded, it blackens, and becomes converted 
into charcoal, which retains exactly the form of the original 
mass. It may be exhibited pure, by boiling shavings of ‘wood 
repeatedly i in water and alcohol, to extract from ‘it all bs sub- 
stances soluble’ in these ‘fluids, 
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SPONTANEOUS CHANGES OF VEGETABLE MATTERS. 


Having considered those immediate principles of vegetables, 
which constitute the body of the plant and which are discoverable 
by simple processes; we shall now examine the spontaneous 
changes they undergo from the re-action of their parts upon each 
other under certain’ circumstances. 

‘Tt is well known that all organized substances, when'dead, att 
fer certain changes, if placed in a certain’ temperature, and in 
~ contact. with air and water. Our present’ task’ however is to 
consider only such changes as’ should be examined by the chemi- 
cal philosopher, on‘account of the light they throw upon’ many of 
the phenomena of ‘nature and art’; we shall therefore begin with 
the theory of fermentation, of which three kinds are distinguish+ 
_ éd, the vinous, acetous, and putrefactive, characteriséd princi- 
| es from each’ other by the nature of their products. 


we VINOUS FE RMENTATION. 


Before we consider this species of fermentation we ritst pre- 
mise, that by the term fermentation in gerieral, is'‘wnderstood’ a 
spontaneous motion:which is excited in'vegetablé or other orga* 
nized substances, and which: totally changes’ their’ properties! 
The conditions necessary for that’ purpdsé are; a céttain degree 
of fluidity, a certain degree of heat, and access’ of air. 

All vegetable substances, containing! saccharine matter, ate stis 
ceptible of the vinous fermentation! When‘any sweet vegetable 
- juice or other saccharine’ matter is’ suffered to be exposed undis> 

turbed toa temperature’ between’ 60° and s0° F. it’ first becomes 
‘turbid and viscid’; an intestine motion‘and i increase of bulk gra- 
‘dually takes’ place’; air‘ bubbles'are’ discharged ‘front its*whole mass} 
bursting, forth with a’perceivable® noise, ahd’ forming! a° kind’ of 
froth or yeast ; ; the sweetness of the fluid disappears, and a pun-- 
gent taste is peqiired After a certain. time: these phenomena 
. Y 2 
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cease, the fluid deposits a copious sediment, and becomes again 
clear, bright, and ‘transparent. It has then acquired a brisk 
taste, a vinous odour, and an intoxicating power. 


~ 
f 


_ WINE. 


Wines is the product of fermentation, obtained, ‘apie sitter 
circumstances, from the expressed juice of the grape. The grapes 
are put into a vessel, exposed to a. temperature of about 50° F.. 
bruised and much agitated ; after which the fermentation is ex- 
cited, and the appearances before mentioned take place. When 
the fermentation ceases, the wine is drawn off from the lees into 
casks, where it undergoes a’ second, though insensible fermen- 

tation, which more intimately developes its principles ; and it is 
this change which causes the difference between old and ne2w 
wine. Wine is more spirituous and intoxicating as the quan- 
tity of saccharine matter contained in the juice of the grape is 
greater. By processes similar to this, raisin, gooseberry, and 
other wines; cyder, and perry, may be obtained, 


BEER. 


. Porter is made in this country from barley in the following 
manner: barley is first reduced to malt, by being’ steeped iri 
water ; it is then drawn off, and the barley is spread upon a floor 
about 6 inches thick, where it begins to germinate, - The germi- 
nation is suffered to continue till the radicle is or 2 of the length 
of the grain. As_soon as this is accomplished, the grain is 
spread thinner, and turned over twice.a day, for several days; it 
is then transferred to the kiln heated with wood, and dried highly, 
or till it acquires a brown colour, it is then called brown malt.* 
From this malt, porter is brewed in the following manner : 
A quantity of malt, freed from its germ, is coarsely ground and 
- put intoa vessel, called the mash-tub. Hot water, under the de- 
gree of boiling, (of about 160° or 180° F.) is pened on it, and the 


, i Malt very acuity dried by means of coke ie wish ale is called pale malt. 
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whole is stirred intimately together, either by machinery } ‘or 
by the hand of man; by this means the soluble part of the malt 
is extracted. When this operation is over, the liquor, called the 
extract, is drawn off. Another infusion is then made by means 
of water of a higher temperature, which of course is ‘weaker 
than the former, and these are either mixt or kept separate. 
Both have a sweet taste, they contain the saccharine, the extrac- 
"tive, and the gelatinous parts of the grain. The infusion thus 
obtained is called wort. It is then boiled with hops to give it a cer- 
tain aromatic bitterness, and to render it less liable to be spoiled 
in keeping; and is cooled as expeditiously as possible in very 
large shallow vessels called coolers, in which it measures no more 
than from 1 to 2 inches. As soon as it is cold it is transferred 
into the fermenting-iub, a certain quantity of yeast is added, and 
the whole is suffered to ferment. "When the fermentation has 
advanced to a'due degree, and the yeast ceases to rise, the beer 
is divided into smaller casks, to facilitate the separation of the 
yeast; and, lastly, it is conveyed into barrels, and kept in’cool 
places, with the precaution of supplying the loss it suffers by 
evaporation.. Eight bushels of malt, and 101b, of i produce 
upon an average 100 Bulent of London porter, 


“ALCOHOL, OR ARDENT SPIRIT. 


If wine or beer be distilled, a colourless fluid passes over into 
the receiver of a strong heating taste, a penetrating odour, and 
an intoxicating property. This fluid is called ardent spirit. It. 
is capable of being inflamed without a wick, and burns without 
smoke, and with a flame which is blue at the edges and white in 
the middle. It is very volatile, and consequently evaporates 
spontancously at common temperatures. It is miscible with 
water and alcalies. It dissolves resins, sugar, essential oils, 
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+ The first mechanical contrivance of this kind was invented by Edward Riley; Beg: : 
a scientific brewer, to whom I am indebted for this account of brewing porter. 
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camphor, &c. [tis decomposed by most of the dense acids : 
the result isa very odorous, pungent, inflammable, and highly 
yolatile fluid, called ether. 

To prepare sulphuric ether, any quantity of sulphuric acid is 
gradually mingled with an equal weight of alcohol in a retort; 
heat is then applied by a sand- bath, the retort being connected 
with a receiver kept | cool by water; a colourless fluid condenses 
jn the receiver. When the distilled liquor amounts to about 
half the quantity of alcohol employed, or when the neck of the 
retort becomes obscured with white fumes, the distillation is to 
be stopped; a thick black fluid remains in the retort, The 
distilled liquor, which is the ether, impure from the admixture 
of water and sulphureous acid, is to be mixed with a small quan-~ 
tity of potash, and subjected to distillation by a very gentle heat. 
It is thus obtained nearly pure, | | 

Ratrionatg...The theory of the formation of ether is far from 
being accurately ascertained. According to the explanation 
which, till lately, was generally received, in the formation of : 
sulphuric ether, the alcohol i is decomposed by part of its hidro- - 
gen attracting part of the oxigen of the sulphuric acid: the ba- 
lance of attractions existing between the principles of the alcohol 
_being thus broken, a large quantity of carbon is precipitated, 
and the remaining elements of the alcohol combine, and form 
the ether. 

Nitric ether may be obtained in the following manner: Two 
parts of alcohol are poured into a strong glass-bottle, provided 
with a ground stopper, and placed in a frigorific mixture, or in 
snow mingled with ice broken small, and in this situation the 
alcohol is suffered to cool some degrees below the freezing point. 
One part and a half of nitrous acid are then successively affused, 
yet by drops only, and at sufficiently long intervals, for fear of 
the mixture being heated, which, as likewise every agitation, 
ought to be most cautiously avoided. When the mixture is 
completed, the glass is for some time left standing quiet in the 
cold, and well stopped. ‘The ether is, after this, found swim- 
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ming on the surface, from which it is carefully taken off by 
means of a separatory funnel, and eeonoury rectified upon a 
little potash or lime. 

RaTionave...The theory of the formation of nitric ether is 
not less obscure than that of the production of sulphuric ether.. 
It has been ascertained by the experiments of Bayen, that the. 

_acid is either decomposed, or combined in such a manner that it 
is not discoverable by an alcali: he found that ‘the mixture of the 
acid and alcohol, after being digested for some time, required 
only the ninth part of the quantity of potash for its saturation, 
which the quantity of acid employed would have done. The al- 
cohol is also partially decomposed, as oxalic and acetous acids 
are formed. No carbon, however, is precipitated in a sensible 
form. It may be said, perhaps, that in this process, part of the 
carbon, hidrogen,- and oxigen of the alcohol enter into new 
combinations, forming the acetous and oxalic acids; and that 
the remaining quantites of these elements combine with part of 
the acid to form the nitric ether, | 

Acetic and phosphoric ether may be obtained tia distilling 
equal parts of the most concentrated acids of these kinds with al- 
cohol, and proceeding as directed before. No good method of 
obtaining muriatic ether is hitherto known, the methods directed 
do not furnish a fluid which possesses all the properties of ether. 


» 
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2. ACETOUS FERMENTATION. 


If wine or any other vinous fluid be exposed to a heat, from 
75° to 85° F. and air be admitted, the properties of the fluid 
are altered remarkably, it loses its taste and odour, it becomes 
_ sour, and turns into vinegar. During this change the fluid: is 
' rendered turbid, its surface becomes covered with a mouldy 
pellicle, a quantity of fibrous matter separates, and forms a kind 
of skin, which sinks to the acca vulgarly called mother of 
_ pinegar. F 
Y 4 
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VINEGAR. © 


The most usual method of making vinegar is by means of two 
_vessels, each containing some refuse of grapes, or such mat- 
ters; one of these is filled with wine, the other is half filled. 
In this latter the fermentation first begins, at which time it must 
be checked by filling this vessel out of the other. Soon after 
_ the fermentation takes place in the second yessel, which is to be 
re-filled in turn; and so the process goes on alternately for 
some weeks, until the vinegar is made. . a 

Vinegar may also be prepared from water, containing about 
three pounds of raisins or sugar to the gallon: or from the 
foeces or dregs of apples, pears, &c. from which the juice has 
been expressed. paler 

Vinegar fully fermented is clear and nearly colourless, it has 
a pleasant pungent odour, and a sour taste. It possesses all the 
properties of an acid. When freed from its mucilage, and other 
heterogeneous admixtures by distillation, it constitutes acetous 
acid, (page 302.) ‘ | 

sep 


3. PUTREFACTIVE FERMENTATION. 


When the spontaneous decomposition of vegetable substances 
is suffered to proceed beyond the praduction of the acetous acid, 
the vinegar gradually becomes viscid and foul; air is emitted 
with a fetid odour; an earthy sediment is deposited; and when 
the whole process is finished scarcely any thing remains but the 
salts, the charcoal, and the earths which formed the constituent 
parts of the vegetable: the fluid, if any is left, is water and ace- 
tous acid. This decomposition is called putrefactive fermenta- 


tion; its properties are more striking in animal matter. 


f 
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CHEMISTRY OF ANIMAL SUBSTANCES. 


GENERAL 


EXAMINATION 


ANIMAL SUBSTANCES. 


An IMAL substances are far more complicated in their com- 
position than vegetables. Their. principal base is hidrogen, 
combined with a large portion of nitrogen, charcoal, oxigen, 
phosphorus, and not unfrequently sulphur. 

The- different substances which constitute ons body of cee 
are the following, : ) 


Bones of animals contain much phosphate of lime and car- 
bonate of lime, deposited in a gelatinous net-work, They are . 
soluble in all the dense acids which reduce the gelatinous net- 
work to the naked state; it may then be dissolved by -boil- 
ing water. Mr. Hatchett has found that the bones of quadru- 
peds-_and fishes contain also sulphate of lime, 


Muscrgs are the principal fleshy parts orziniael with the. 
bones. They are chiefly composed of fibrin, albumen, gela-: 
tine, extract , phosphate of soda, phosphate of ammonia, phos- 
| phate of lime, and carbonate of lime, 
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“MEMBRANES are thin, semi-transparent, soft, and pliable bodies, 
which wrap up or form. the external covering of the muscles, 
bones, viscera, and other parts. of the body. Mr. Hatchett has 
_ proved that they are destitute of phosphate of lime and sdline 
matters, and that they are visita compoted of coagulated 
albumen. 


LicaMEnTs are those strong fibrous and elastic substances . 
- which connect the bones with each other; they have heen little 
examined; they yield a quantity of gelatine, by boiling, but by 
- far the greatest part remains unaltered. 


TenpDons, commonly called sinews, are strong pearl coloured 
bodies which connect the muscles with the bones. By long and 
strong ebullition they are dissolyed into a nutritious gelatinous _ 
mass, 


‘Tue skin envelopes the whole surface of animals. It is 
composed of three parts, namely, the epidermis, or cuticle, 
the mucous membrane, and the cutis, or true skin. The epider- 
mis is an elastic membrane; it is that part of the skin which is 
raised in blisters, It is principally composed of albumen, gela- 
tine, and phosphate of lime. The mucous membrane which is 
situated immediately under the epidermis, is composed of a soft 
gelatinous substance which gives to the skin its peculiar colour, 
The true skin, or cutis, isa thick, firm, elastic membrane, com- 
posed of a number of fibres interwoven with each other. Both 
this and the former are composed of gelatine, fibrin, atnees 
and phosphate of lime. | 


Fat, TALLOW, aid. MARROW, are of an oleaginous nature, 
greatly resembling vegetable expressed cil. They may be con- 
sidered as highly oxigenated oil, containing sebacic acid, and 
phosphate of lime. 
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_Natts of animals, Mr. Hatchett has shown, are chiefly com-+ 
posed of-a /MEMbEABOUE substance, resembling coagulated al- 
bumen. . 


Horns and Hoors of animals greatly resemble the former in 
all their properties. 

Harr, according to Bertholet, yielded carbonate of ammonia, 
charcoal, nitrogen, and sulphur. 


FEATHERS yield nearly the same products as hair, Mr. 
Hatchett has proved that the quill is chiefly composed of congue 
lated albumen. 


SHELLS, or the crustaceous coverings of certain animals, such 
as echini, lobsters, crabs, cray-fish, Sc. and also the shells of 
eggs greatly resemble bones in their composition, but the pro- 
portion of the carbonate of lime they contain far exceeds that of 
the phosphate. Mother of pearl is composed,. according to 
Hatchett, of carbonate of lime and membrane. Fish scales are 
composed of membrane and phosphate of lime. 


Boop is concrescible by repose and cold, and coagulable by 
heat. It separates into two different parts by rest. The cause of 
this spontaneous separation is unknown, ‘The white part is called 
the serum; the other coloured part is denominated the crassa- 
mentum, or clot. ‘The serum consists of albumen, gelatine, 
carbonate, muriate, and phosphate of soda, phosphate of lime, 
and sulphur. The crassamentum contains albumen, soda and sub-- 
phosphate of iron. When blood, the moment it is drawn from 
an animal, is strongly agitated with a stick or other substance, a 
white, solid; elastic matter separates, called fibrin, or animal 
gluten. It contains more nitrogen than any of the former parts 
of the blood. \ 


/ 
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Mixx separates spontaneously into three parts, namely, cream, 
curd, and whey. The first is a butyraceous oil, the second a 
caseous albumen, and the third a saccharine lymph. Milk is a 
compound of water, oil, albumen, gelatine, sugar of milk, mu- 
riate of soda, sulphur, phosphate of lime, and muriate of potash. 


Sativa, which is secreted by the glands in the mouth, consists 
of mucilage, albumen, muriate of soda, phosphate of dant phos- 
phate of lime, and phosphate of ammonia, 


iia i consist, according to Vauquelin, of water, mucilage, 
soda, muriate of soda, phosphate of lime; and phosphate of soda. 


Mucus oF THE NOSE is analogous to the'latter acid. It contains 
more coagulable mucilage, Its great viscidity is owing’ to the ab- 
stig of oxigen, on being longer exposed to the air than tears. 


Bite is a fluid secreted by the dives from the venous blood. 
It is composed. of water, resinous matter, albumen, soda, phos- 
phate of soda, phosphate of lime, muriate oF soda, econo 
salt, iron, and sulphurated hidrogen. 


BiLsARY CALCULI, OF GALL-STONES, are concrete bodies de- 
posited in the gall-bladder, and biliary duct. They are inflam- 
mable, very fusible by heat, partly soluble in alecalies,. alcoliol, 
or oils. They contain.a bitter resinous matter, benzoic acid, 
lime, soda, and ammoniacal salts. They vary remarkably in 
their external preperties and chemical composition. 


Urine of healthy persons always containg phosphoric acid, 
phosphate of lime, phosphate of magnesia, carbonic acid, car- 
bonate of lime, uric’acid, benzoic acid, gelatine, albumen, urea, 
(or a substance in which the colour and odour of urine prinei- 
pally resides,) resin, muriate of soda, phosphate of soda, phos- 
‘phate of ammonia, muriate of ammonia, and sulphur. 
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Urtyary catcoi are frequently composed of uric acid, united 
to ammonia; others consist of phosphoric acid, combined with 
ammonia and magnesia. 


‘Wax or THE £AR is composed, according to Vauquelin, of 
albumen, soda, phosphate of lime, a colouring ‘matter; and a 
bitter oil. : | pier 

TRACHEAL HUMOURS, OF mucus, which lubricates the trachea 
‘and the bronchia; the ocular humours, the humours of. the 
alimentary canal, and other cavities of the body have not been 
examined with attention. Fourcroy has ascertained that the 
feces are always acid, and strongly reddens vegetable blue. 


'Srwovia, or.the peculiar viscid semi-transparent fluid; found 
within the capsular ligaments of the different joints of animals, 

Marqueron and Hatchett found to be composed of fibrous mat- 
ter, albumen, soda, muriate of soda, phosphate of lime, and 
water. | 


SEMINAL,FLUID consists of water, mucilage, phosphate of 
lime, and soda. ‘The semen of other animals has not .been ana- 
lyzed. 


Liavor oF THE AMNIOS, which surrounds the foetus in the 
uterus in every part, contains, in women, water, muriate and 
carbonate of soda, phosphate of lime, and albumen. In the 
cow, an extractive animal matter; sulphate of soda, and a pecu- 
liar crystallizable acid, called amniotic acid. 


. CEREBRAL pup has been examined by Fourcroy, The pulpy 
matter of which it chiefly consists, approaches most nearly in its 
‘properties to albumen, which is mixed with a saline fluid, con- 
sisting of phosphate of lime, soda, and ammonia. 


s 
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PERSPIRABLE MATTER lias not been accurately analyzed. i 
seems to bé principally water holding in soltion a | small oh at 
te of lymph oe carbonic acid. 


Humovuk of THE PRosTaTa has not beén examined. bi ap- 
pears to be albuminous, and of the same nature as all the white 
humours. 


Cayze, ANDTHE PANCREATIC AND GASTRIC JUICES have 
not yet been analyzed with accuracy. 


INTESTINAL GAS is composed ordinarily of many gases; prin- 
cipally of carbonic atid, nitrogen, carbonated and sulphurated : 
hidrogen. ‘The first is the ordinary product of a good digestion; 

_ the last are the sign and result of a troubled, slow, or irreguiar 
digestion. hae , ; 


SPONTANEOUS DECOMPOSITION OF ANIMAL 
MATTER. | | 
The spontaneous decomposition which animal matter suffers, 
is called putrefaction. The conditions necessary are, a-certain 
degree of moisture, a certain temperature, anda free access of air. 
The phenomena which attend putrefaction are the following: 
The colour of the substance first becomes paler, and its- texture 
soft ; it acquires an intolerable fetid odour, and its organization is 
destroyed. The substance encreases in bulk, air bubbles are dis- 
engaged, and the whole becomes gradually converted into a 
greenish black matter of a pulpy consistence; and lastly fluid: a 
phosphorescent light is frequently observable. In this state it 
remains for some time, sending forth a horrible offensive odour. 
This odour gradually disappears, the soft substance acquires more — 
and more consistence, and becomes at last converted into a dry 
friable powder, resembling a mixture of earths. 


‘SPONTANEOUS DECOMPOSITION OF ANIMAL MATTER. 351 


It is obvious, that during this process all the principles, which 
form the organized animal matter, act upon each other accord- 
ing to certain laws; the precise nature of which has not been 
hitherto accurately ascertained. The gases which are develop- 
ed, and which fill the cavities and cellular texture, so as to 
inflate and puff up the body, are evidently ammonia, formed by 
the union of the nitrogen and hidrogen of the animal matter; 
_ and afterwards phosphorated hidrogen, sulphurated hidrogen, 
carbonated hidrogen, and carbonic acid. In some cases nitric 
acid is formed. ‘The earthy-like residue, which remains after 
the process of putrefaction has taken place, consists of charcoal, 
" with other earthy and saline matters. Thus it appears that the 
elements, which formed the organized animal body, unite to- 
gether, during the process of putrefaction, two and two, and 
form a new set of binary compounds of a more simple nature, 
which enter again with other substances, under favourable cir- 
cumstances into new combinations, and thus serve for the re- 

production and support of new organic and inorganic matter. 


From the Press of Gzeorce Haypen, 
Russell Gourt, Covent Garden. 


DESCRIPTION 
oF 


THE PLATES. 


PLATE 1.* 


A Perspective view of an improved Gazometer. It consists of 
a cylindrical vessel, made of japanned copper, or iron, a. and a 
glass cylindrical vessel, 8. The japanned vessel is furnished with 
_ two stop-cocks, one of which is fixed at the top, and the other at 

the bottom, on opposite sides of the vessel. From the upper ~- 
cock, a tube, cc. runs down the outside of the vessel, a. and 
under its bottom, to the cock, 4. At the centre of the vessel 
this tube branches upwards through the bottom of the vessel, a. 
and thus a communication is made with the stop-cocks and the 
glass vessel, B. which is suspended in.the vessel, a. by means of 
weights ahd pulleys contained in the bent tube, aa. A gradu- 
ated rod, affixed, by means of a cap, to the vessel, B. expresses, 
by the coincidence of any of its divisions with the aperture, #. the 
capacity of the emérged part of the glass vessel, and therefore 
measures the quantity of gas contained in it. In using this ap- 
paratus, the vessel a. is filled with water, up to the apperture of 

| Z | 


*. Facing the title-page of vol. i. 


354 DESCRIPTION OF THE PLATES, 


the tube in the centre of the vessel. The glass vessel, B. is then 
depressed till the coincidence of the Zero point of the graduated 
rod, d. with the aperture, x. indicates its total emersion, This 
being done, a communication is then made between the tube, — 
cc. and the apparatus from which the gas proceeds, by opening 
either of the cocks, and letting the other be shut. The gas, thus 
introduced, will of course proceed by the tube, cc, and enter the 
vessel, 8. which, as it becomes filled, will emerge by the pres- 
sure of the gas. For breathing or transferring gases from this 
apparatus, a flexible tube, e. may be joined to either of the stop- 
cocks, and the quantity of gas sees will be measured by the 


graduated tube, d. 
PLATE. II. * 


Fig. 1...A table furnace, formed of two large black-lead cru~ 
cibles, a. B. The lower one, out of which the bottom is cut, 
and which is furnished with a grate, is fixed into a circular sup- 
port of strong sheet iron, c. furnished with two handles for the | 
convenience of removing it.’ This part of the furnace forms the 
ash-pit, and is furnished with a door. ‘The upper crucible has a 
hole cut in its bottom, into which is inserted an iron tube, d. (of 
which part is shown in the drawing) forming the chimney of the | 
furnace, which may be elongated’ occasionally by an additional 
piece, so as to increase the draft at pleasure. In order to render 
this furnace less liable to accidents, a strong iron hoop, e e. is 
fastened round each of the crucibles, the lower of which serves to 
secure the junction of the two crucibles. In the upper and lower 
part of the furnace is cut a semi-circular opening for the intro-. 
duction of charcoal or coke, according to the different processes | 
carried.on in the furnace; and the pieces of the crucible, thus 
removed, may serve as doors to the opening. If an iron sand- 


bath, with a rim, (which is furnished with the furnace) be 
J 
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placed upon the lower crucible, the fuel of course must be in- 
troduced through the lower aperture; and thus those chemical 
processes may be performed, which do not admit of the direct. 
application of the fire. But if a reverberatory furnace be re- 
quired for distilling out of earthen ware, or coated glass retorts, 
or for applying an intense heat to bodies, capable of supporting a 
naked fire, a retort, crucible, &c. may then be introduced, and an 
intense heat obtained by feeding the furnace, through the open- 
ing in the upper‘crucible. The intensity of the fire may be re- 
gulated by means of the door in the ash-pit. 


Fig. 2 represents a self-acting blow-pipe, invented by Mr. 
Hooke, mathematical instrument maker. a. is a hollow sphere 
for containing highly rectified alcohol, resting upon its shoulder 
in the ring, g. Into the sphere, a, a bent tube, J. is screwed 
_ for conveying alcohol in the gazeous state to the flame at o. 
This tube is continued within the sphere almost to the top. 
The globe may therefore be nearly filled. At the top of the 
sphere there is a safety valve, c. to prevent those accidents, 
which might otherwise arise from the expansion of the fluid, in 
_ casé’ the heat applied should be too great. The pressure of this 
valve may be regulated at pleasure, by the two milled nuts, e. ft 
and carrying the steel arm, #. which presses on the valve, c. 
The lamp which heats the alcohol is marked, x. It is made to 
adjust to different distances from the sphere, a. by sliding up or 
down between the two pillars, 7 /. The distance of the flame, o. 
from the jet of the tube, is regulated by the wick-holder of 
the lamp, being a little removed from the centre of the brass 
piece, m. which is made to screw, and therefore gives to the 
wick-kolder an excentric motion. The opening for filling the 
globe with alcohol is marked i. It is closed by means of a milled 
finger-button, and collar of leather. 7. is a mahogany stand sup- 
porting the whole, - at 


- 
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PLATE. IH. 


Fig. 1 represents Webster’s lamp-furnace, with concentric 
wicks. It consists of a brass rod, about 2 feet 9 inches high, 
screwed to a solid brass foot, loaded with lead. On this rod 
slide three metallic sockets, with straight arms, to which are 
screwed brass rings of different diameters, for supporting glass 
retorts, evaporating basons, flasks, crucibles, &c. Each of these 
rings may, by means of a thumb-screw, be set at different heights, 
Below these rings is a fountain-lamp, on Argand’s plan, which, 
by means of a thumb-screw, may also be elevated or depressed, 
in order to communicate more or less heat to the vessel sus- 
pended over it. The superior advantage this instrument possess- 
es consists in asecond cylinder, added to that of the lamp of 
Argand. _ These cylinders are concentric ; and by this ingenious 
contrivance, a double flame and more than double the heat of a 
common Argand’s. lamp may be obtained. This lamp-furnace is 
therefore far preferable to that of Guiton, or any other f am ac- 
quainted with. 

The construction of the lamp will become more obvious from 
fig, 3. and 4, pl. ii. 


: Fig. 3, pl. ii, is a section of the concentric cylindrical tubes in 
which the wicks move. aa. and dbl. are the passages for the 
wicks. | : 

Fig. 4, of the same. plate, represents a view of the wick-frame 
of the lamp and its adjustment. a. represents a finger-button, — 
to which is fixed the rod and notched wheel, 22. cc. isabrass — 
screw, to which is also fixed a similar wheel, f. d. is. a socket, 
with a female screw, which works on the male screw, cc. and 
carries the wick-frames, ee. which move freely up and down the ~ 
cylindrical passages, a a. and dl. ‘By the action of the finger- 
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button, a. on the wheels, b f. the screw, ¢ c. is put in motion, | 
and, by its effect on the female a d, adjusts the wick toany - 
ae ie 


Fig. 2, = ii, is a a detonating or eudiometer tube of glass. 
Its bore ‘isabout half an inch, and its height 18. It is graduated 
into cubic inches, and sub-divided into decimal parts. By means 
of the two conductors, a@a. a quantity of gas, confined in the 

tube by water or mercury, may easily be enflamed by the electric 
spark. Hence this tube is extremely convenient for showing the 
production of water, nitrous acid, or to expose a confined quan- 
tity of gas to an intense heat. 


_ Fig. 3, the same plate, is an improved pneumatic mercurial 
trough, or tub. It consists of a mahogany box, of greater or less 
size, standing i in a tray made of the same wood. ‘The principal ° 
~ parts of this apparatus are the shelf of the trough and the bottom. 
The reservoir, properly so called, is the interval between these 
two planes. The advantage of this apparatus consists in having - 
a broad shelf, fixed on one of the sides of the trough, and a slid- 
ing shelf, with a hole in the centre, which communicates with a 
funnel-shaped opening on the side of the large shelf. Vessels 
placed on the sliding shelf, may be conveniently filled with gas, 
by directing the conveying tube of a gas-bottle, or the neck of-a 
retort, into this excavation, and then sliding it on the large shelf 
of the apparatus ; > which, from being on one side of the trough, 
enables the operator to perform his experiments with a less quan- 
tity of mercury, and in an easier manner, than in the troughs of | 
the usual construction. 

The tray, b. is aon for psig the mercury which may 
be spilt, = = : pa 

See “PLATE. 


i 


Fig. 1 is a ie dere view of a aie universal farnace. 
It-is made of strong ‘wroght iron plates, and lined with fire- 
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bricks laid in fire-proof loam, The body of the furnace is ellip- 
tical, its inner cavity however is in the figure of a cylinder. 
The height of this furnace without its chimney, a a. is two feet. 
The inner diameter of the cylindrical; fire place measures nine 
inches. . It is moveable upon castors. In the upper part of this 
furnace an iron sand-bath, J. is placed, which may occasionally be 
exchanged for a circular plate, and in that case the upper opening 
will serve for the introduction of the fuel. There are three 
openings in the front of this furnace, furnished with sliding 
plates, which move up and down, or backwards and forwards, and 
serve as doors. The lower opening, c. is the ash-hole of the fur- 
nace. In either of the upper openings. a muffle may be intro- 
duced for the process of cupelation, or an iron retort, &c. (as 
shown’ in the drawing) may be inserted for the production of 

gases, which require high temperatures. In the side of the fur- 

«nace a hole is cut, furnished with a stopper and door: by means 
of this opening a tube may be placed across the furnace for ex- 
posing different gazeous or other fluids to high temperatures. 

From what has been stated already it becomes obvious that 

this furnace is calculated for all chemical operations whatever, 
which require the aid of heat. 


Fig. 2 represents Dr. Gruber’s conducting tubes. It con- 
sists of two metallic tubes joined to a metallic box consisting of , 
two pieces, sliding in and ever each other, made air tight by 
grinding. The one end of the tube (in the drawing) is joined 
to the retort placed in the furnace, the extremity of the other 
tube is extended into the pneumatic trough. The tubes may be 
elongated Py additional pieces to any length required. 


Fig. 3 is a bell-glass, having a neck furnished with a brass 
cap, into which is screwed a stop-cock for transferring gases 
into flasks, bladders, &c. a ‘is a small brass connecting piece, 
with: two female screws, by means of which another stop-cock, 
fixed to a flask or bladder, may be connected with the stop-cock 


of the receiver. 
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Fig. 4-is a flask for weighing gases. Its orifice is furnish- 
ed with a brass cap and stop-cock. ‘The flask is connected with 
a bell-glass in the manner stated before. If this flask has been 
_ previously exhausted by means of an exhausting syringe, and a 
communication be then made with the bell-glass by opening both 
cocks, the gas contained in the bell-glass may be transferred 
into the flask, by pressing down the bell-giass into the water of 
the pneumatic trough ; the gas will then be forced up into the 
flask, the cocks being then shut, the flask may be removed, and 
its weight ascertained by means of a delicate ballance. The dif- 
ference between the weights of the flask when exhausted, and 
when filled, give the weight of the gas in the flask, which may, 
by the same method, be compared to that of common air, &c. 

In a similar manner a bladder may be filled with gas by tying 
its mouth to a stop- -cock, and screwing it on that of the bell-glass, 
by means of the connecting piece, and proceeding as just de- 
scribed, 


Fig. 5 is a perspective view of a pneumatic cistern of which 
a description has been given already, page 178, vol. i. 


PLATE. V._ | 


Represents Burkitt's, and Pepys’s distllatory epparatus for im- 
Pree fluids with gases, &c. Phew 


Fig. SHIA; is a Giraintel retort, joined to a tubulated receiver, . 
‘B. From this a bent tube proceeds to the bottom of a second re- 
ceiver, g., from the upper tubulature of which a communication 
is made, by means of a tube twice bent at right angles, with the 
two necked bottle, i. The principal advantage of this apparatus 
consists in a valve, constructed by placing a plano-convex lens 
upon the mouth of the small tube, accurately fitted by grinding, 
_ and inserted into the lower aperture of the receiver, g. and similar 
to the valve in the well known apparatus of Nooth, but with more 


oe 
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water way. From this it becomes obvious that the gas disengaged 
from the retort, and not absorbed by the fluid contained in the re- 
ceiver, B. will by its upward pressure raise the valve, and pass into 
the receiver, g. without allowing the fluid i in that vessel to return 
into the receiver, B. even when a partial vacuum takes place in it, 
The gas which is not absorbed in the vessel, g. passes into the 
bottle, z. and if any part of the gas should escape absorption by 
the fluid in that vessel, it may be conducted into another bottle, 
or into the pneumatic trough, by means of the tube, k. In this 
manner, by a continued series of bottles, and tubes, the whole 
of the disengaged. gas may be: absorbed. 


Fig. 2 is a similar apparatus, invented by Pepys, differing 
- from the former, only by the vessel which contains the -valve, 
Being placed wpon the first receiver: it therefore needs no de- 
scription. 8 
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: VOL. Il, _ 
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CHEMICAL PREPARATIONS, 


Prepared and Sold, 


IN AS PURE A STATE AS POSSIBLE, 


At the LABORATORY, 
; OF 
FREDRICK ACCUM, No. 11, Old Compton Street, 
. SOHO. 
——_—~e7e7e—. 
| ACIDS. 
Arsenic Tartareous Mucous. Muriatic 
Arsenious Citric Suberic - Oxi-Muriatie 
Tungstic Malic _ Prussic Phosphoric 
Molybdic Gallic bs Taobao Nitric 
Acetous Succinic Sebacic Nitrous 
Acetic Benzoic Fluoric Sulphuric 
Oxalic Camphoric Boracic &e. &c. 
ALCALIES. : 
Potash, Soda, Lime, Ammonia. 
EARTHS. 
. . Silex, Alumine, Magnesia, Lime, Barytes, Strontia, Zircon, 
Glucine. 
3 METALS. 
Arsenic Molybdena Nickel Antimony 
Zinc Lead Copper Gold 
Tungsten Cobalt Bismuth - ‘Mercury 
Tin Iron Silver Platina 
PHOSPHORUS. 


~ Phosphuret of Lime, Phosphuret of Strontia, Phosphuret of 
Barytes.. -Phosphorated Ether, Phosphorated Alcohol, Phospho- 
rated Oil. 


( xxxi p 


RE-AGENTS, or TESTS. | 


Tincture of Cabbage, Litmus, ‘Turmeric, Brazil- wood, Galls.. 
Papers tinged with each of these ‘Tinctures...Tincture of Cab- 
bage, and Tincture of Litmus reddened by Acetous Acid...Bary- 
tic, Strontia, and Lime-water...Oxalate of Ammonia, Acidulous 
Oxalate of Potash, and Oxalate of Soda...Fluate of Soda, and 
Fluaté of Ammonia...Carbonate of Potash, Carbonate of Soda, 
and Carbonate of Ammonia...Acetite and Nitrate of Lead...Mu- 
riate of Gold, Muriate of Tin, and Muriate of Mercury...Sul- 
phate, Nitrate, and Acetite of Silver...Greeu and Red Sulphate 
of Iron...Muriate, Nitrate, and Acetite of Barytes...Triple Prus- 
siate of Potash, Lime, and Ammonia...Tanin...Alcohol...Sulphu- 
ric and Nitric Ether...Solution of Soap, Solution of Arsenic, So- 
lution of Gelatine...Sulphuret of Potash, Sulphuret of Lime, and 
Sulphuret of Magnesia...Hidro-Sulphuret of Ammonia...Glacial 
Acid of Phosphorus...Phosphate of Soda and Ammonia:. -Black, 
and White Flux, &c. &c. 


—=<<<> >> 


ALL THE DIFFERENT GASES. 
Water impregnated with Sulphurated Hidrogen Gas, with Car- 
bonic Acid Gas, with Carbonated Hidrogen Gas, &c. 


OXIGENATED MURIATE of POTASH, and Oxigenated 
Muriate of Lime. 


FULMINATING GOLD, Fulminating Silver, and sinieiat ig 


Mercury. 


CHEMICAL CHESTS, 


‘Containing a select collection of Re-agents, for analyzing 
Stones, Ores, Mineral Waters, Earths, Soils, &c. 


PORTABLE LABORATORIES, 


Including all the preparations and apparatus necessary for the 
analysis of natural and artificial products, 


CHESTS OF RECREATION, 


Containing a Collection of Chemical Articles, for performing 
a var ety of striking and interesting experiments. 


_ And every other Article not in general demand, either for Philo- 
sophical, Technical, or Medicinal use. 


A List.of Apparatus and Instruments may be seen, vol. II. p. xxvii- 
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